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the normal development the chicken midbrain has been shown that, 
the number dividing cells decreases, there corresponding decrease 
the rate aerobic glycolysis. addition was possible demonstrate 
linear relationship between the two (O’Connor, the other hand, the 
rate oxygen consumption underwent variation during the developmental 
period considered. 

dependance cell division aerobic glycolysis was thus suggested. 
this so, would expected that when aerobic glycolysis inhibited there 
would some associated effect cell division. Using the isolated midbrain 
the embryonic chick, aerobic glycolysis has been inhibited sodium fluoride 
and sodium iodoacetate, and the effect observed dividing cells and oxygen 
consumption. 


MATERIAL AND METHODS. 


all experiments isolated portions the midbrain the six-day chicken 
embryo were used. The tissue was isolated and the volume measured the 
method, and the medium, previously described (O’Connor, 1950a). Using 
this medium the rate respiration was determined the Cartesian diver micro- 
manometer, using divers with central cups (O’Connor, 1948, 1949). The cups 
contained sodium hydroxide absorb carbon dioxide that the normal rate 
respiration could directly determined. These divers contained, the neck, 
solution the reagent tested, which, after determining the normal rate 
respiration, was transferred the tissue the bulb the diver and the 
alteration the respiratory rate determined for the period hours after 
the addition the reagent. 

The effect the reagents, sodium fluoride and sodium iodoacetate aerobic 
glycolysis was determined divers filled described O’Connor 
the case respiration, the reagent was added the tissue from the neck 
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the diver, and the alteration the rate aerobic glycolysis measured for the 
period hours after the addition was made. 

The estimation the rate aerobic glycolysis this method requires the 
determination the respiratory quotient, which was done separately (O’Connor, 
1950a), and which, the concentrations fluoride and iodoacetate used, did 
not alter from the normal value 1-0. 

Mitotic damage was assessed exposing fragments the isolated midbrain 
various concentrations fluoride and iodoacetate small test-tubes (O’Connor, 
This method reproduces the conditions under which observations 
were made the rate respiration. was considered necessary make 
certain that the results would not altered the conditions under which aerobic 
glycolysis was measured, that is, bicarbonate-containing medium, and 
atmosphere per cent carbon dioxide/95 per cent oxygen. Results were, 
however, the same under both conditions. both series experiments the 
time exposure the tissue the reagents was min., correspond the 
period hours after the addition the reagent, for which alterations the 
rate respiration and aerobic glycolysis were measured. 


EXPERIMENTAL RESULTS. 


The six-day embryos used had eye diameter 3-5 mm. such 
embryos the midbrain has the following normal values 


Respiration, 0-8 c.mm. tissue/hr. 

Aerobic glycolysis, 1-7 c.mm. CO,/c.mm. tissue/hr. 
Dividing cells, 25,000/c.mm. tissue.* 

Respiratory quotient, 1-0. 

The effect sodium fluoride and sodium iodoacetate glycolysis and oxygen 
consumption expressed percentage inhibition occurring, already stated, 
the period hours after the addition the reagent. possible the 
case iodoacetate that equilibrium has not been reached this period, but 
this small importance the present consideration, since the effect cell 
division measured for equivalent time period. 

The method assessing mitotic damage did not permit quantitative 
measurements but, series experiments using serial dilutions steps 
two, the following concentrations were determined: Firstly, the concentration 
which there was some detectable change dividing cells when the tissue was 
examined preparations. This consisted irregularity the 
separated chromosomes dividing cells. Secondly, the concentration was 
determined which pycnotic fusion chromosomes was regularly observed 
(see 1949, 1950b). Thus range concentrations was determined 
over which damage chromosomes became visible and proceeded their 
complete fusion. This range concentration indicated the vertical lines 
Bin Fig. and should pointed out that the squash preparations 
are inadequate detect chromosome fragmentation that has been revealed 
anaphase more refined methods (see Loveless and Revell, 1949). This 
was seen, however, some cases. Also, the value indicated the line 
Fig. and somewhat higher than values for the effective mitotic concentration 
referred previously (O’Connor, 


Possibilities error this measurement have been previously discussed (O’Connor, 
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Results with sodium fluoride. 


the concentrations used there was inhibition respiration and 
change the respiratory quotient. The effect sodium fluoride aerobic 
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1.—The effect sodium fluoride aerobic glycolysis and cell division. 
see 


glycolysis 


Percentage inhibition aerobic 


1-0 
Concentration sodium iodoacetate scale) 


Fic. 2.—The effect sodium iodoacetate aerobic glycolysis and cell division. 
see 


recorded Fig. the concentration fluoride being recorded 
logarithmic scale. Each plotted point derived from separate measure- 
ments. described above, the lines indicate the range concentration 
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over which visible damage dividing cells begins and proceeds 
pycnotic fusion chromosomes, that is, concentrations 
these concentrations inhibition aerobic glycolysis begins and increases 
per cent inhibition. 


Results with sodium 


with sodium fluoride respiration was not inhibited, and the respiratory 
quotient not altered, concentrations investigated. The effect sodium 
iodoacetate aerobic glycolysis and dividing cells recorded Fig. with 
sodium fluoride. will seen that the range mitotic damage, 
between the concentrations which concentrations inhibition 
aerobic glycolysis begins and increases per cent inhibition. 


DISCUSSION. 


normal adult tissue has been shown that the action fluoride carbo- 
hydrate metabolism due its combination with magnesium, resulting the 
inhibition enolase (Warburg and Christian, 1942), while Rapkine (1938) has 
shown that iodoacetate affects carbohydrate metabolism due its effect 
the groups triosephosphate dehydrogenase. However, the whole 
chicken embryo, Needham and Lehmann (1937) have produced evidence indi- 
cating that glycolysis proceeds non-phosphorylating paths—a process referred 

One the points evidence for this path carbohydrate breakdown 
the difference the inhibition glycolysis produced fluoride muscle and 
the chick embryo. concentration the formation lactic acid 
from glycogen muscle per cent inhibited (Lohmann, 1931), while Needham 
and Lehmann show that the glucolysis the chicken 
embryo only per cent inhibited the same concentration. the 
midbrain tissue these experiments the inhibition this concentration 
approximately per cent (Fig. 1), that this observation cannot used 
identify the carbohydrate metabolism the midbrain with that muscle 
with the process described Needham and Lehmann the whole embryo. 
any case doubtful the comparison would valid, for the authors quoted 
measured glycolysis anaerobic conditions. The process measured these 
experiments that occuring the presence oxygen. 

Uncertainty the paths glycolysis the midbrain the embryonic 
chicken must remain, and hence the mode action fluoride and iodo- 
acetate it. Nevertheless, the known properties these two substances 
make unlikely that they act the same way. Thus the relationship mitotic 
damage inhibition glycolysis produced both significance. 
both cases inhibition glycolysis begins concentrations where mitotic 
damage first becomes visible, and complete fusion chromosomes occurs when 
the inhibition glycolysis per cent. From this similarity concluded 
that the damage mitosis associated with common factor the inhibition 
glycolysis. 

Such conclusion requires consideration with regard possibilities arising 
out the work Rapkine (1931) and reviewed Brachet (1944). suggested 
that spindle formation and function associated reversible denaturation 
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protein controlled oxidation and reduction the contained -SH groups. 
further suggested the inhibitory action iodoacetate cell division 
due the interference with this mechanism due the ability combine with 
-SH groups demonstrated Dickens (1933). Final conclusions are not justified 
the present results, and such possibility not meant How- 
ever, the similarity the action fluoride and iodoacetate discussed the 
previous paragraph makes necessary favour the view that the effect 
iodoacetate cell division associated with its effect aerobic glycolysis. 

Therefore, the midbrain the embryonic chicken the action fluoride 
and iodoacetate leads the conclusion that there association between cell 
division and aerobic glycolysis which accordance with the association pre- 
viously demonstrated normal development (O’Connor, 1950a). 

such findings are due dependance cell division aerobic glycolysis 
the conclusions Bullough (1950) must considered. Studying cell division 
the skin the mouse, Bullough concludes that cell metabolism alters both 
quantitatively and qualitatively during the mitotic cycle. The earlier stages, 
involving the addition nucleic acid the chromosomes, require the metabolism 
carbohydrate with the use oxygen and the energy requirements are high. 
Later stages, involving the separation chromosomes into the daughter cells, 
require smaller amounts energy, which, concluded, could derived from 
carbohydrate breakdown without the use oxygen, that is, process which 
is, presumably, glycolysis. The possibility must therefore considered that 
any causal relationship between aerobic glycolysis and cell division may 
confined the later, rather than the earlier stages the mitotic cycle. 


SUMMARY. 


the isolated midbrain the six-day chicken embryo aerobic glycolysis 
was inhibited sodium fluoride and sodium iodoacetate. 

With both compounds, when aerobic glycolysis was per cent inhibited, 
pycnotic fusion chromosomes dividing cells was produced. 

concentrations producing these changes there was inhibition 
respiration. 


The author performed this work while receiving personal grant from the 
British Empire Cancer Campaign. Gratitude expressed Miss Eileen Blake 
for technical assistance. 
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NUMBER reports the appearances viruses the psittacosis-lympho- 
granuloma group, examined the electron microscope, have appeared 
the last few years. 

Feline pneumonitis virus which grows particularly well the embryonated 
hen’s egg has been examined both appears when purified from the yolk sac 
(Rake, Rake, Hamre and Groupe, 1946), and from the allantoic fluid (Hamre, 
Rake and Rake, Libby, Gagnon and Cox (1947) investigated 
the morphology seven viruses the group found yolk sac preparations. 

Barwell, Dawson and McFarlane (McFarlane, 1949) have shown excellent 
preparations psittacosis virus from mouse spleen, but this work has not yet 
been published full. 

All these investigations show the elementary bodies all viruses the 
group bodies which were probably spherical shape the wet state, but 
when dried the high vacuum necessary for electron microscope examination, 
show dense central area which has apparently shrunk away from the definite 
limiting membrane, leaving surrounding area transparent the electron beam. 
shadowed preparations the surface resembles that wrinkled pea. 

this investigation have examined the morphology strain Nigg’s 
mouse pneumonitis virus appears when grown its natural host and com- 
pared this with its morphology when grown the rat and the yolk sac the 
embryonated hen’s egg. 


MATERIALS AND METHODS. 


The strain virus used was obtained from Professor Spooner. 
was passed mice and the consolidated lungs this first passage were harvested. 
Part the per cent suspension made was dried from the frozen state, and this 
dried material was repeatedly used for reference avoid the possibility changing 
the strain during the course the experiments. 

Rats and mice were infected intranasal inoculation under ether anaesthesia. 
both rats and mice was found most satisfactory harvest the lungs 
hours after inoculation. this stage few the mice, but none the rats 
had died. 

The virus did not readily adapt the rat and the best lesions were obtained 
recently weaned rats inoculated with suspensions mouse lung containing 
large amounts virus. 

The rat passage material when passed back mice gave typical lesions 
the mouse which were much more severe than those shown parallel passage 
other rats. think extremely improbable that are dealing with natural 
virus the rat any stage. 
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Histological preparations from both rat and mouse lung showed the typical 
inclusions viruses the group. 

Eggs were infected inoculation into the yolk sac after days’ incubation. 
The virus did not adapt readily the egg and our best results were obtained 
from eggs inoculated directly with mouse lung suspensions rich virus and 
harvested days after infection. 

all cases purification was carried out the technique described Fulton 
and Begg (1946) for purification rickettsiae from mouse lung. This involves 
differential centrifugation and the absorption tissue debris with kieselguhr. 
This technique not satisfactory for viruses this group for rickettsiae, 
many the virus particles well cell debris are adsorbed the kieselguhr. 


RESULTS. 


The results show clear-cut the sizes the elementary bodies 
the three hosts which may seen from Fig. and Tables and II. 
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Fic. 1.—Size distribution elementary bodies various hosts. 
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Body Diameters Various Hosts. Means and Extremes. 


Number Maximum Minimum 
Host. particles Mean mz. 8.D. 
measured. 


Mean Diameter Elementary Bodies Mouse 
Pneumonitis Virus (Nigg) Mouse, Rat and Embryonated Hens’ 


Difference 
Pair hosts compared. SE. 


Height Elementary Bodies Mouse Pneumonitis Virus (Nigg) 
Found Metal/Gold Shadowed Preparations from Mouse, Rat and Embry- 
onated Hens’ Eggs compared with the Diameter the same Particles. 


Ratio 


The elementary bodies are much smaller the natural host than either 
the foreign hosts, and the mean figure 293 mu. substantially smaller than 
that found any investigator for any virus the group egg preparations. 

The mean figure for the rat preparations was 363 and smaller than those 
found egg preparations any virus other than those meningo-pneumonitis. 
The mean figure for the egg preparations was 411 mu., and the same order 
those found for other viruses Kurotchkin al. (1947). Their figure for the 
mouse pneumonitis was 497 but this was based measurements only 
and was the largest figure they found for any virus the group. 

The statistical analysis shown Table demonstrates that extremely 
improbable that the differences which have found can due pure chance. 

The general appearance the elementary bodies purified from the various 
hosts similar both one another and that found other investigators, 
but some differences may observed (Fig. 2). There distinctly larger 
transparent area inside the limiting membrane the large bodies from egg and 
rat preparations than those from the mouse. the same time shadowed 
preparations, which only very small number shadows could measured, 
showed significant difference the height the dried particles above the 
grid (Table that the ratio diameter height elementary body 
smallest the mouse being next the rat 5-9-1, and greatest the egg 
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(b) and (c) Elementary bodies from yolk sac hen’s egg. 12,500. (d) Elementary 
bodies from rat lung. 12,500. (e) Elementary bodies from rat lung. 12,500. 


Cosslett, Miles and Stoker, 
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7-1. This suggests greater rigidity structure the bodies from the 
natural host than those from the egg and the rat. 


CONCLUSIONS. 


Purified preparations mouse pneumonitis virus prepared from mouse 
rat lung from the yolk sac the embryonated hen’s egg showed significant 
differences size. Those from the natural host averaged 293 diameter, 
those from the rat 363 mu. and those from the egg 411 mu. 

The larger particles from hosts foreign the virus showed greater trans- 
parent area inside the limiting membrane than those from the natural host. 

Evidence was found greater rigidity structure the elementary 
bodies from the natural host than those from the foreign hosts. 
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EXPERIMENTAL and enamel hypoplasia has been described many workers. 
Erdheim (1906) and Toyofuku (1911) showed that hypoplasia occurred the 
rat incisor after parathyroidectomy. Mellanby (1929) found that diets deficient 
fat-soluble vitamins caused enamel hypoplasia puppies, and Becks and Ryder 
(1931) also observed severe rickets. Schour and Smith (1935) obtained 
hypoplasia the injection ingestion fluoride-containing solutions. 
Chase (1940) described hypoplasia caused fluoride vitamin deficiency 
traumatization the enamel organ the region active amelogenesis. Kresh- 
over (1944) found that inoculation mice guinea-pigs with tubercle bacilli 
damaged the ameloblasts and interfered with amelogenesis. English (1949) 
reported that the administration thiouracil caused enamel hypoplasia dogs. 
Many vitamin and mineral deficiencies, e.g. (Irving, 1940), vitamin (Wasser- 
mann, 1944), have also been shown interfere with enamel formation. 

most these instances the experimental procedure has been chronic 
nature, and while hypoplasia has been present, has often been unpredictable 
nature and the time its onset variable, depending factors such the con- 
dition the animal the time, etc. 

1943 Weinmann showed that injection strontium chloride solution 
caused the permanent cessation amelogenesis the tall ameloblasts existing 
the time the injection. These ameloblasts became temporarily disorganized 
and detached from the enamel, but they subsequently recovered and reattached 
themselves this enamel, however, did not calcify properly. The ameloblasts 
younger than the tall ameloblasts were not affected and formed normal enamel. 

The present paper describes very simply dietary way causing enamel 
hypoplasia rachitic rats. Rats with well-marked low rickets were partially 
starved given extra the diet, cause healing. After few days 
the rachitic state was reimposed feeding the full rachitogenic ration with- 
drawing the extra This had the effect causing enamel matrix formation 
the tall ameloblasts stop completely. Enamel formation was renewed 
the younger ameloblasts variety ways. The various appearances observed 
seemed importance studying the normal process amelogenesis. 
Some studies low rickets are also included. 
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EXPERIMENTAL. 


Diets.—Four diets were used their and contents and ratios were 
follows 
Diet. Ca%. 
1°19 
0°37 


The stock biscuits were the complete diet normally used the departmental 
animal house. Diet was the Steenbock and Black rachitogenic diet (1925). 
Diets and were modifications this diet which the and contents 
had been altered changes the amount CaCO, added and the addition 
appropriate amounts Na, HPO,. Diet was diet normal Ca: ratio 
and content; and Diet was diet capable producing the low type 
rickets. Both diets have been previously used (Irving, 1944). 

Rats.—Young albino rats the Wistar Institute strain were used when 


Low rickets. 


The rats were placed the Steenbock and Black diet (Diet for days, 
which time they had well-developed rickets. They were then treated one 
the following ways 


Group I.—One animal each litter was killed and examined and the dietary 
intake the rest was restricted for from days, the same procedure being 
followed has been already described (Irving, After this period 
partial starvation, when the healing process was well advanced, one animal 
each litter was killed and examined, and the rest were fed appetite Diet 
animals being killed intervals thereafter days after full refeeding 
was instituted. Twelve litters comprising rats all were this group. 

Group the preliminary period Diet the rats were given extra 
dietary transference Diet for days, cause healing the rickets. 
They were then put back Diet for from days, the same controls 
being used Group This group consisted litters comprising rats 
all. 

Group group consisted rats from various litters. Their 
dietary intake was restricted for days, the end which time they were 
injected once subcutaneously with per cent NaF solution, dose level 
approximately mg. per kg. body weight. After return the full rachitogenic 
diet they were allowed live for days. 

Group days dietary restriction these rats were given the stock 
biscuits and examined days thereafter. Control rats were employed 
above. Three litters comprising rats were used. 


Low rickets. 


Group V.—This consisted rats from litters which were given Diet for 
the preliminary days. has been already shown that while additional 
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the diet will cure this form rickets, starvation has such effect (Irving, 
The animals were therefore given Diet for days, and were then 
returned Diet and killed days thereafter. The same control animals 
were used the other groups. 


Histological examination. 

After the rats had been killed with coal gas the skulls were skinned and 
fixed formol-saline. They were then decalcified nitric acid-formol saline 
solution, and after washing and dehydration were embedded paraffin. Central 
longitudinal sections the upper incisor teeth were stained with haematoxylin 
and eosin. addition, one tooth from rats litters Group was ground 
and examined undecalcified, the other tooth being decalcified and treated 
above. The tissue containing the tooth ground was bulk stained with 
alcoholic borax-carmine and was then impregnated with methyl methacrylate 
monomer, using the technique described Hall and Irving (1949). central 
ground section the incisor was mounted and compared with the opposite 
decalcified tooth. 


Chemical analyses. 
The blood-serum levels were estimated death the rats Groups 
and IV. 


NORMAL ENAMEL FORMATION. 


Weinmann (1943) has divided the enamel organ the rat incisor into six 
arbitrary sectors, which form very convenient way localizing the various 
events amelogenesis. The first sector that the epithelial sheath, where 
the inner and outer enamel epithelia and the intermediate layer multiform 
cells can distinguished. The second sector extends the beginning dentin 
formation; the ameloblasts are contact with the differentiated 
odontoblasts. The third sector corresponds with the area which dentin 
formation has started, but enamel has not yet been laid down. The fourth 
sector extends from the beginning enamel formation the point where the 
enamel reaches its ultimate thickness. The ameloblasts here are very high, but 
become reduced height the incisal end this sector (Fig. 1). The fifth 
sector extends the position complete acid-solubility the enamel, and 
the sixth sector runs from here the gingival crest. 

The use ground sections impregnated with acrylic enabled very close 
study made the relationship between the enamel and enamel organ, 
especially Sector VI, where the enamel was ordinarily lost decalcified sections. 
Acid-insoluble enamel stained pink with borax-carmine, that is, the enamel 
Sectors and the enamel became acid-soluble took yellowish 
tinge, and when completely acid-soluble was unstained. The staining ability 
was first lost the dentin side the enamel, suggesting that this side calcified 
first, has been proposed Wassermann (1944). The brown pigment layer, 
which laid down about one-third the distance from the formative the 
incisal ends, was very clearly seen virtue its pigmentation. 

The appearance the ameloblasts Sectors II, and was described 
other writers, the reduction the ameloblasts the junction Sectors 
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and being very conspicuous. the incisal end Sector the ameloblasts 
began assume yellowish appearance, and Sector this was accentuated 
and now appeared masses yellow granules, which were also found the 
stratum intermedium and around the epithelial papillae. Early Sector 
the ameloblasts became somewhat taller than the incisal end Sector 
one moved incisally, the granularity the ameloblasts became more and 
more marked till the was reached where the enamel pigment layer was 
laid down. Just incisal this point the ameloblasts underwent sudden 
reduction their height and lost the pigment they contained (Fig. 2). More 
incisally from here, they changed size and appearance the way already 
described other writers. thus appeared that the ameloblasts the rat’s 
incisor undergo two height—one the end matrix 
formation, and the other the point pigment deposition. Stein and Boyle 
(1941) state that pigment deposition occurs the stage, where all almost 
all the enamel disappears decalcification. The present results not confirm 
this, pigment deposition beginning some distance incisally the point enamel 
acid-solubility. 


RESULTS. 


Cessation enamel matrix formation the tall ameloblasts Sector 
occurred the animals with low rickets who were first starved, also given 
the normal ratio diet cause healing and then returned the rachitogenic 
diet (Groups and III). such change was seen the animals with low 
rickets who were starved and then put the stock biscuits (Group IV), 


those who had low rickets and were put the diet normal ratio 
cause healing and then back the low diet (Group V). 


Low rickets. 


The blood levels were high the rats Groups and the end 
the preliminary period Diet They fell after the period healing, and 
subsequently rose when the period healing ended. More details will found 
the paper Baillie and Irving (1948). 


Groups and II. 


The changes these groups were identical and will therefore described 
together. 

Enamel moment the period healing was terminated, formation 
enamel matrix Sector ceased completely and was not resumed. This 
occurred only the area covered tall ameloblasts, and which enamel matrix 
was being laid down (Fig. 3). cessation enamel formation was seen 
the rats killed while the healing process was operation. Further evidence, 
presented below, also shows that was the cessation healing which caused 
the arrest amelogenesis. clarity the description the changes the 
tall ameloblasts affected will called the experimental ameloblasts, and the 
matrix they were forming, the experimental enamel 

The process amelogenesis seemed stop very abruptly, since the serrated 
edge the pre-enamel matrix (as defined Orban, Sicher and Weinmann, 
1943) existing the time, remained unchanged and persisted till the end 
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EXPLANATION PLATES. 


With the exception Fig. all microphotographs are the enamel organ and adjacent 
structures the rat’s upper incisor tooth VI. The sections, other than 
than those Fig. and were stained with eosin. odontoblasts, 

dentin (and predentin some sections), enamel, a.e. amorphous enamel, 
ameloblasts, stratum intermedium, outer enamel epithelium, a.p. alveolar 
periosteum. 


2.—Ground section part Sectors and normal tooth. The incisal end 
the right. The ameloblasts lose their granularity and are reduced the point where 
the enamel pigment developed. (No. 1670, 125.) 


Fic. 3.—Cessation amelogenesis the experimental ameloblasts. The incisal end the 
tooth the left. The ameloblasts have almost all recovered. The gap artefact, and 
the experimental enamel this point covered with amorphous enamel. the right the 
post-experimental ameloblasts have resumed amelogenesis, but the first ameloblasts have 

produced enamel normal width. usual rickets, the predentin abnormally 
wide. 1059, 125.) 


Fic. 4.—This shows the degree acid-solubility achieved the experimental enamel. The 
inter-rod substance has been removed, but the outlines enamel rods remain. (No. 1176, 


365.) 


5.—The degenerated ameloblasts have shrunk away from the amorphous enamel they 
laid down owing histological processing. Under these conditions the amorphous material 
has consistency. (No. 1176, 95.) 


6.—a and are adjacent serial sections tooth no. 1288. This illustrates the ap- 
pearance amorphous enamel becomes acid-soluble. Note parallel fibres the 
matrix unlike those this section the calcification the amorphous enamel 
more advanced than that the true this section the true enamel 
calcifying before the amorphous material. 365.) 


Fic. section showing dentin with interglobular spaces and amorphous enamel. 
The latter very brittle and cracks easily. (No. 1661, 365.) 


section showing area The incisal end the tooth the 
left. The mantle dentin normally calcified, the rest the dentin irregularly calcified. 
The cessation and resumption amelogenesis seen. The distortion the tooth this 
point has been frequently observed other specimens. (No. 1667, 95.) 


Fic. 9.—Photograph dissected tooth. Apicalend the the left the experimental 
hypoplasia can seen, and the right three other smaller hypoplastic areas. (No. 1384, 


10.—Experimental ameloblasts the first stage degeneration and forming foci 
disoriented cells. (No. 1188, 


Fic. ameloblasts later stage degeneration showing complete dis- 
orientation and separated oedema there little change the stratum intermedium 
outer enamel epithelium. (No. 1057, 330.) 


Fic. 12.—Fibroblast-like ameloblasts apparently undermining degenerating ameloblasts. 
The space artefact. Shreds amorphous enamel can seen. The stratum inter- 
medium and outer enamel epithelium are distorted but otherwise normal. (No. 1400, 330.) 


Fic. 13.—The rat from which this tooth was taken was, after period starvation, returned 
the unrestricted rachitogenic diet, and the same time injected with NaF solution. 
was allowed live another days. The typical disorientation the ameloblasts seen. 
They formed the enamel below the stria Retzius before ceasing amelogenesis. (No. 1152, 


330.) 


14.—This shows the failure mantle dentin calcification where enamel matrix 
formed. fine layer enamel matrix (more easily seen the original slide) present 
where the mantle dentin has calcified. The striations the uncalcified mantle dentin are 

the ends tubules. (No. 1178, 330.) 
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the experiment, and the outer fibrous layer Owen was not formed. The 
experimental enamel matrix slowly moved incisally with the eruption the 
tooth. The enamel matrix full width, completely laid down before the 
experimental procedure (in Sector V), subsequently became acid-soluble and 
disappeared. The experimental matrix went through the primary and young 
stages maturation (von Ebner, 1906; Chase, 1940), but seemed stop 
the late transitional phase (Fig. 4). Partial acid-solubility began its incisal 
end and finally the whole became partially acid-soluble, but ghost consisting 
the matrix enamel rods persisted days after the end the period 
healing. Most the interrod substance had been removed the ameloblasts. 
Thus this enamel had gone very late transitional stage. The experimental 
ameloblasts were able perform degree maturation, unlike 
those reported Chase (1940) after vitamin deficiency trauma the 
enamel organ, but presumably were unable remove the organic constituents 
completely. preliminary account these findings (Irving, 1946c), the 
present writer stated that the experimental matrix calcified completely. Further 
work with older rats showed that this was not so. 

Further enamel formation.—The subsequent action the ameloblasts the 
formative side the experimenial ameloblasts produced variety pictures 

Amelogenesis began again once, the organic enamel matrix recovering 
its full height short distance (Fig. some cases the new enamel formed 


overlapped the experimental enamel slightly its formative end. About 


first hundred ameloblasts Sector III were also affected, since the enamel 
they produced was very narrow, though normal structure. Later enamel 
gradually assumed full width. Apparently the extent amelogenesis 
particular ameloblast conditioned that the cell ahead it. The same 
seen after injections (see illustrations Weinmann’s paper, 1943). 

For period amorphous globular material was deposited. Some this 
might placed the experimental enamel, and some between the formative 
end this enamel and the apical end the tooth. This material was acidophil, 
and after histological decalcification and paraffin embedding appeared have 
sticky consistency, judging from the effect shrinkage the adjacent tissues 
upon (Fig. 5). This appearance was almost certainly artefact, 
since, will described, the globular material had quite different consistency 
ground sections. Normal enamel did not, however, show this unusual state 
decalcified sections, which indicated that globular enamel differed physical 
and possibly chemical properties. 

After period amorphous amelogenesis normal amelogenesis was resumed. 

Subsequent amelogenesis might disorganized for the duration the 
experiment, which was some instances days. Normal amelogenesis 
might stop and start again, might alternate with periods amorphous amelo- 
genesis. several cases complete absence enamel matrix was found, the 
ameloblasts being contact with the edge the dentin. 

The amorphous enamel became acid-soluble the experimental enamel 
matrix. During the process fibrous structure was revealed series fine 
parallel transverse fibres, not resembling any way the normal enamel matrix 
(Fig. 6). cases where globular material had been laid down top the 
enamel matrix, the two types enamel usually became acid-soluble about 
the same time, but sometimes the process was more advanced one than 
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the other. The presence immature matrix between the ameloblasts and the 
calcifying enamel appeared interpose barrier this process (Fig. 6). 

The findings with the ground sections were the same those with the de- 
calcified teeth. The amorphous enamel was very conspicuous shining 
refractile substance. was also very brittle, and many sections pieces had 
splintered off the globules were cracked (Fig. 7). The hypoplasia was well 
seen the teeth the older rats, where the enamel the corresponding 
decalcified teeth had been largely lost through solution acid (Fig. 8). 

The point beginning acid-solubility the enamel was found control 
teeth between 3-3 and 4-0 mm. from the epithelial sheath. Measurements 
the distance the experimental animals showed that the enamel matrix 
also became acid-soluble about this distance animals refed about 
days the rachitogenic diet. After that time the most incisal part the 
partially calcified enamel matrix slowly moved incisally with the eruption 
the tooth. The explanation this that the pre-experimental enamel 
Sector was being calcified the 16th day, which time had all been 
removed during histological decalcification. Subsequently the experimental 
enamel matrix came into this situation, and became only partially acid-soluble. 
result this matrix remained visible, and the incisal end moved slowly away 
from the formative end the tooth. 

all the animals killed after the 18th day refeeding and one 
killed the 15th and one the 16th day, the post-experimental enamel matrix 
had begun calcify formatively the experimental enamel. the animals 
killed after from days’ refeeding, post-experimental enamel first 
became acid-soluble about 3-0 3-3 mm. from the epithelial sheath—in 
other words about the normal position. the teeth the older rats the 
post-experimental organic enamel matrix became progressively shorter, being 
after days’ refeeding only mm. length. This almost certainly due 
the gradual slowing the eruption process. 

Six animals were allowed live for from days after refeeding was 
initiated, the hope that the hypoplastic areas might visible beyond the 
alveolar margin. This was not, however, seen any, and the reason was found 
after the animals had been killed and examined. Apparently the eruption rate 
had been greatly reduced. The organic enamel forming normal manner 
the formative end the tooth was very short extent, being only about 
half the length that normal tooth. With this was also found that 
the enamel organ had regressed unduly near the apical end. The hypoplastic 
area was found all cases only about one third the way towards the 
incisal end the tooth. Some incisors were removed and examined under 
lens, where the hypoplastic area was clearly seen dip the enamel. More 
formative this zone other small hypoplastic areas were frequently found (Fig. 9). 

was noted that the erupted part the incisor teeth these older rats 
tended lose their orange pigment patches. This was not accompanied 
any hypoplasia. The impression was obtained that this pigment was originally 
laid down but peeled off the tooth readily, and the parts the tooth still 
inside the skull was found that the pigment could rubbed off brown 
membrane with the finger. This was possibly associated with the extensive 
degenerative change the enamel organ caused compression from osteoid 
the rachitic alveolar bone. 
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Enamel organ. 


description first given applies decalcified sections. 
Only the existing tall ameloblasts Sector and those formed subsequently 
were affected the experimental procedure. The orderly arrangement the 
tall ameloblasts was completely upset, and the height the condition the 
ameloblasts were quite unrecognizable such. The first change was visible 
days after unrestricted feeding of, return to, the rachitogenic diet, and 
started the formative end Sector IV. Groups ameloblasts seemed 
form foci units change, the adjacent cells arching over these characteristic 
way (Fig. 10). The cells these foci became much shorter and then appeared 
change their orientation, that they looked like young fibroblasts with their 
long axes parallel with that the tooth. Subsequently these foci joined into 
continuous layer fibroblast-like cells (Fig. 11). The whole layer seemed 
contain far more cells than the original ameloblasts, but this was probably due 
the great amount oedema present. This change the ameloblasts spread 
incisally till had affected all the ameloblasts Sector IV, the fibroblast-like 
cells seeming undermine the ameloblasts and separate them from the stratum 
intermedium (Fig. 12): these ameloblasts then underwent the same change 
their turn. many cases, disorientation started, the ameloblasts discharged 
mass amorphous globular material upon the existing enamel matrix, else 
were raised from the enamel faintly staining exudate. Although the 
experimental ameloblasts were often more widely separated from the enamel, 
this was artefact, since was not seen the ground sections 
described Weinmann (1943) after strontium injection, did not occur. 
Throughout the whole process the zone degenerated cells was very sharply 
demarcated from the completely normal ameloblasts both formative and 
incisal sides. 

many sections small mas cells with small deeply staining nuclei was 
found amidst the degenerated ameloblasts situated short distance from the 
incisal end Sector IV. These cells usually occurred between the stratum 
intermedium and ameloblast layers, but sometimes occurred the stratum 
intermedium and disorganized it. The cells remained this position after the 
recovery the ameloblasts, and acted marker near the incisal end the 
affected area. 

Apart from the occasional presence small round cells it, the stratum 
intermedium was not affected the experimental procedure except far 
was distorted the swelling the ameloblasts. The outer enamel epithe- 
lium was distorted the swelling the ameloblasts but was otherwise unchanged. 

Six days after the initial degeneration had begun, recovery the ameloblasts 
started, beginning the incisalend. The ameloblasts recovered their orientation 
and their nuclei returned the peripheral end the cell (using the terminology 
Rényi, 1933). The cells became cubical shape but were shorter 
than they had been before, being about one-third the height the tall amelo- 
blasts and rather more than half that the granular ameloblasts. the 
most incisal point this recovery many cases small mass amorphous 
cells derived from the changed ameloblasts persisted under the layer recovered 
ameloblasts and pushed the epithelial papillae towards the alveolar bone. This 
formed conspicuous landmark for the most incisal point the trauma, and 
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466 IRVING 
was always short distance incisal the mass cells with small deeply staining 
nuclei. Acid-solubility and disappearance the enamel matrix sometimes 
occurred formatively this bulge, showing that the most incisally affected 
ameloblasts were able mature the enamel matrix completely. The whole 
process ameloblasts’ recovery was complete about the 15th day. 

The appearances the ground sections were similar those described above. 
With the acrylic technique the ameloblasts were well preserved and the relation- 
ship these cells the enamel was clearly seen. detachment the enamel 
organ occurred any sections. The recovered ameloblasts later acquired 
granules the usual position which were deposited pigment the enamel. 
some the older rats, however, the enamel organ was compressed the 
overgrowth osteoid the labial alveolar bone that the ameloblasts were 
unrecognizable. spite this, the yellow pigment granules were seen the 
deeper layers the enamel organ and were deposited the enamel. From 
this may appear that the elaboration and deposition this pigment not 
function the ameloblasts only but also other cells the enamel organ. 
stated, however, the pigment layer was not firmly adherent under these 
circumstances. 

Fate the enamel organ parts more formative the experimental sector.—The 
changes this part the enamel organ were very variable. many cases 
the ameloblasts resumed amelogenesis normal manner, with very short 
pause between the experimental sector and that more formative (Fig. 3). 
some cases amelogenesis started and subsequently stopped exactly had 
originally been seen the experimental enamel. few teeth this happened 
many times. cases amelogenesis was obviously very disturbed. 
For some distance formatively the experimental ameloblasts, the ameloblasts 
might changed the fibroblast-like type and form enamel matrix, 
else only patches amorphous granular material. some places normal- 
looking ameloblasts were present, but formed enamel all. Frequently 
row typical tall ameloblasts were found, laden with granules, but laying 
down matrix and containing terminal bars. With the onset fresh 
rickets appeared that the animals’ metabolism had become very unstable, 
and probably the condition became worse, periods rickets 
(as evidenced loss weight) caused these changes amelogenesis. The 
changes the ameloblasts were similar fundamentally those caused the 
original insult, but was impossible many cases halt these changes once 
they had begun. The writer intends extend this aspect the work experi- 
ments which the animals, after the period healing and renewal rickets, 
will returned normal diet. 

was noted above that the position acid-solubility the enamel was 
fairly constant the early stages the experiment, despite the changes pre- 
viously undergone the ameloblasts. seems from this that the position 
the beginning acid-solubility determined the length life the amelo- 
blasts, irrespective what vicissitudes has been through. The partial acid- 
solubility the experimental enamel matrix took place the normal situation, 
but was incomplete. The new unaffected the experimental 
procedure, initiated the changes associated with acid-solubility again the 
normal position. eruption slowed, the length the organic enamel was 
reduced, but the cells acted for the same length time. Wassermann (1944) 
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holds that enamel production not dependent the life span the ameloblast, 
but Stein (1934) and Schour (1939) consider, does the present writer, that 
the ameloblast has limited life-span work. When eruption accelerated 
cutting off the visible ends the teeth, the ameloblasts remain columnar 
the gingival crest (Hoffman, 1939). Also, very young rats, which eruption 
the incisor much quicker, the organic enamel extends far further incisall 
than older animals. 

This concept also supported the observation that amorphous enamel 
usually calcified the same time the enamel which was deposited. The 
amorphous material was younger than the corresponding enamel matrix, but 
the governing factor both cases was the relevant ameloblast which had reached 
the requisite maturity for initiating the calcificaticn process. 


Group 


The rats this group were injected with NaF solution the end the 
period dietary restriction, order time exactly the cessation matrix 
formation. Twenty out rats killed from days after NaF had been 
given showed stria Retzius the very edge the enamel matrix (Fig. 13). 
small amount matrix had been laid down subsequent the injection, 
showing that amelogenesis had gone for few further hours. These results 
indicated that the return the rachitic state was the cause the hypoplasia. 
Had the beginning dietary restriction caused amelogenesis stop stria 
Retzius would have been seen all, since enamel formation would have stopped 
before the injection was given. 


Group IV. 


These animals, after the period dietary restriction, were put normal 
non-rachitogenic diet. hypoplasia the enamel occurred, showing again 
that was the sudden return rickets which caused this defect. 


Low rickets. 
Group 


These rats were initially put diet which caused low rickets. After 
period healing, the return the rachitogenic diet had hypoplastic action 
the enamel. thus seems that this type hypoplasia can only caused 
rats with low rickets. 

Enamel hypoplasia rachitic present writer has often noticed 
rats with severe low rickets, that enamel matrix formation, especially the 
formative end, considerably disturbed (Irving, 1941). Becks and Ryder 
(1931) also found hypoplasia rats with severe rickets, but Karshan and Rosebury 
(1933) and Weinmann and Schour (1945) stated that enamel formation was 
normal. 

would seem from the results reported above that enamel hypoplasia 
rickets not directly caused this condition, but occurs result certain 
instability metabolism the later stages. well-known fact that 
spontaneous healing will occur such rats, due usually loss weight. 
Such temporary remission rickets often succeeded recurrence the 
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rachitic condition, and may not necessarily cause visible healing process 
the epiphyses. the present results the experimental hypoplasia was often 
succeeded period disturbed enamel formation, which, indicated above, 
can almost certainly ascribed the same cause. 

Dentin.—During the healing period the process dentin calcification 
the wide predentin was resumed, has already been described (Irving, 1946a, 
When the animal was put back the rachitogenic diet, healing stopped 
abruptly but dentin matrix formation continued. result, the predentin 
again became wide, the calcified dentin receding incremental matrix formation 
proceeded. some the older rats some intermittent calcification took place 
the newly laid down predentin, due probably spontaneous healing. 

Mantle dentin.—It was noted with both decalcified and ground sections that, 
almost all the cases where enamel matrix was not laid down, the calcification 
mantle dentin failed the corresponding dentin matrix, but the formation 
dentin matrix continued normally (Fig. 14). Mantle dentin calcification 
occurred, however, only amorphous enamel matrix was laid down, even 
small amounts. many cases the demarcation cessation enamel formation 
and lack dentin calcification were very sharp both the incisal and formative 
sides. For reasons adduced below, the writer considers that mantle dentin 
probably calcified the enamel organ. 


DISCUSSION. 


evident from the above results that the condition responsible for the 
hypoplasia the enamel rickets the sudden cessation calcification caused 
healing. This cessation apparently most easily achieved with natural 
agencies stopping the healing process rickets suddenly reimposing the 
rachitic condition. has been stated, this also suddenly stops dentin calci- 
fication, and the calcification the provisional zone the epiphysis (Baillie 
and Irving, 1948), but uncalcified matrix can still laid down and this process 
does not stop these two tissues. mentioned the introduction, several 
other experimental procedures also interfere with amelogenesis, and many these 
are also such interfere with calcification processes (e.g. parathyroidectomy, 
fluoride injections). 

The fact that interference with the calcification mechanism affects enamel 
matrix formation but not matrix formation bone dentin suggests that 
the process amelogenesis fundamentally different, and that the two processes 
matrix formation and calcification are closely bound together amelo- 
genesis from the very beginning. Although the enamel matrix acid-insoluble 
for considerable length, has been shown Saunders, Nuckolls and Frisbie 
(1942) and confirmed Orban al. (1943) that begins calcify soon after 
being formed the process primary calcification. Weinmann, Wessinger 
and Reed (1942) have shown that acid-insoluble enamel contains about per 
cent mineral 

now well established that hypoplasia enamel (as distinct from disturb- 
ances calcification) occurs while the matrix being formed. Diamond and 
Weinmann (1940) pointed out, their study human teeth, that various 
disturbances the ameloblasts produce hyper- hypoplasia the corresponding 
menael matrix. They state that the ameloblasts are severely damaged they 
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their contained enamel secretion hyperplastic mass 
and are destroyed, the continued formation organic enamel matrix such 
localized regions being impossible. the damage less severe, the ameloblasts 
will recover and continue produce normal enamel matrix. the present 
experiments both these findings were observed the same time—amorphous 
material was deposited the ameloblasts which produced more matrix. 
They were not, however, destroyed, but recovered, though smaller height, 
and were able carry out the process enamel maturation considerable 
degree. 

the kindness Dr. Weinmann, the writer has been able examine 
some the material from his strontium-injected rats (Weinmann, 1943). The 
changes the ameloblasts and amelogenesis were very similar those 
reported here, but after injections the whole process was much more rapid 
onset and was sooner over. Weinmann’s material the ablatio detachment 
the ameloblasts was particularly conspicuous, the space between them and 
the enamel matrix being filled with coagulated, faintly staining fluid, often 
containing blood cells and macrophages. such phenomenon was seen 
the present results. The ameloblasts affected injection contained pigment 
when they reached Sector VI. The same was found the present experiments, 
but, stated above, the pigment was also found when the ameloblasts were 
severely compressed, suggesting that pigment formation and deposition could 
carried out the deeper layers the enamel organ. 

While not difficult understand, from what has been said, that inter- 
ference with calcification should interrupt enamel formation, not easy 
see why the ameloblasts should disorganized. The cessation dentin 
calcification leaves the odontoblasts apparently unchanged. Weinmann (1943) 
has pointed out that the ameloblasts Sector constitute the locus minoris 
resistentiae any injury which affects the enamel organ.” Apparently these 
ameloblasts, which are very active state, lose their orientation their work 
iscompletely stopped. the case the odontoblasts rickets, matrix formation 
and the normal appearance these cells continue (Gaunt and Irving, 1940). 
vitamin deficiency, where dentinogenesis stopped the lingual side, 
the odontoblasts atrophy (Schour, Hoffman and Smith, 1941). 

The present results demonstrate very clearly the ability the ameloblasts 
recover large degree after considerable disruption, the height which 
they were quite unrecognizable. all cases, however, the stratum intermedium 
and outer enamel epithelium retained their normal structure. The writer 
inclined suggest that these outer layers the enamel organ have organizing 
influence upon the ameloblasts and are responsible for their recovery. 
vitamin deficiency for example, (Irving, 1942), where the outer enamel 
layers may destroyed, the ameloblasts atrophy and are irretrievably 
ost. 

Recent work has suggested close relationship between amelogenesis and 
dentinogenesis, and the present results have bearing this question. 
most convenient consider this relationship under the heads enamel matrix 
formation and primary and secondary enamel calcification. 

Enamel matrix formation the ameloblasts appears require contact 
with functional odontoblasts and pulp. McCarroll and Dahlberg 
(1934) transplanted the soft tissues developing canine teeth dogs into the 
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abdominal wall, and found that whereas pulp and odontoblasts alone could still 
produce dentin, the enamel organ could only form enamel contact with 
odontoblasts and dentin. Wassermann (1944) showed scorbutic guinea-pigs 
that where dentin formation was suppressed, the enamel-forming tissues remained 
embryonic condition and produced enamel. 

The difference between primary and secondary calcification was first recognized 
Mellanby (1929), though Diamond and Weinmann (1940) suggested that 
primary calcification she had really meant organic matrix formation. already 
stated, Saunders al. (1942) and Orban al. (1943) showed that primary cal- 
cification occurred soon after the matrix was laid down. 

reported above, was noted that the failure enamel formation and 
mantle dentin calcification almost always coincided. The question is, which 
process failed primarily and affected the other. According the findings 
Huggins al. (1934) and Wasserman (1944), might supposed that the 
failure dentin calcification was the primary factor. However, the writer 
feels that this not so. Along considerable length tooth, enamel formation 
might abnormal, while dentin matrix formation was proceeding unchanged, 
and calcification, though poor, was uniform. Poor enamel formation might 
include thin strips amorphous material, but even here mantle dentin formation 
was proceeding. soon, however, enamel was formed, then, although 
dentin matrix was present unchanged thickness, calcification mantle 
dentin took place. seems much more likely that mantle dentin calcified 
the same process primary enamel calcification, and that both are controlled 
the ameloblasts. Two further facts support this suggestion. First, all 
teeth examined the writer, both normal and rachitic, the beginning calci- 
fication mantle dentin coincides with the spot where enamel matrix formation 
starts the formative end. Second, rachitic teeth, even where the dentin 
very poorly calcified with wide predentin, the mantle dentin always calcified. 
This suggests that the process mantle dentin formation different from that 
the rest the calcified dentin. 

Many workers have claimed that the process secondary calcification, 
when the enamel becomes acid-soluble, dependent upon functional odonto- 
blasts, that the inorganic constituents enamel enter via the dentino-enamel 
junction. Sprawson (1930) considered that salts could conveyed the 
enamel this manner, the process being governed the pulp. Lefkowitz, 
Bodecker and Shapiro (1944) removed the dental papillae and odontoblasts from 
developing canine teeth dogs, and found that the existing enamel matrix 
remained acid-insoluble and the enamel organ degenerated. subsequent 
paper (Lefkowitz, Shapiro and Bodecker, 1947) they removed part the enamel 
organ from developing teeth, and found that while matrix formation ceased, 
the enamel already formed calcified completely, judged x-ray appearance. 
Wassermann (1944) produced evidence that the and entered the enamel 
during secondary calcification through the dentino-enamel junction. Work 
with radio-active has shown that this element can transferred from dentin 
enamel. Thus Wassermann, Blayney, Groetzinger and Witt (1941), 
working with capped teeth dogs, found that the enamel took from 
dentin and pulp. Barnum and Armstrong (1941) showed the same with human 
teeth, and Roeder (1947) with those animals. 

Much work, however, exists showing that functional ameloblasts are necessary 
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for complete acid-solubility occur. Chase (1940) found that the ameloblasts 
were reduced various forms injury half less their proper height, 
they could still form enamel matrix, even normal amounts, but such matrix 
did not mature (become properly calcified). concluded that after enamel 
matrix had been formed, the presence functional ameloblasts was essential 
for the completion the process maturation. Weinmann (1943) similarly 
reported that after damage the ameloblasts complete acid-solubility 
could not achieved. his experiments the odontoblasts were unaffected. 

the present results dentin formation well amelogenesis was upset. 
might thus argued that this derangement dentin formation least 
contributed the incompleteness acid-solubility the enamel. However, 
while the abnormal dentin formation extended over the whole length the 
tooth, only the experimental enamel matrix failed calcify completely. 
the older rats, stated above, the enamel formed the post-experimental 
ameloblasts became completely acid-soluble spite the fact that the coinci- 
dental dentin formation was abnormal. Thus one and the same tooth dentin 
formation was uniformly poor, while one place enamel calcification was normal 
and another had largely ceased. There was relationship between poor 
dentinogenesis and abnormal enamel calcification. 

Further evidence converse nature can obtained from examining 
almost any tooth from rachitic rat. The enamel always becomes completely 
acid-soluble, though the subjacent dentin may grossly malcalcified. seems 
inconceivable that the enamel matrix should take its and from tissue 
which shows histologically such extreme lack these elements. 

difficult reconcile these findings with some those quoted above. 
There seems doubt that the ameloblasts depend upon the pulp for their 
functional existence. The writer does not, however, feel that the evidence 
strong that the elements calcification enter from the pulp. Undoubtedly 
and can diffuse from the dentin into the enamel. But still remains 
proved that this process actively occurs during secondary calcification, and 
responsible for the deposition lime salts the matrix. 


SUMMARY. 


Rats with low phosphorus rickets were starved given extra phosphorus 
cause healing. When they were returned the rachitogenic diet, the tall 
ameloblasts, laying down enamel matrix the time, became completely dis- 
oriented and formed more enamel. After about days these ameloblasts 
recovered their orientation but were now shorter than normal, and the enamel 
matrix that they had produced became only partially acid-soluble. The amelo- 
blasts younger than those affected were also disturbed various degrees, some- 
times the extent forming enamel matrix all. these situations 
the mantle dentin did not 

concluded that matrix formationin enamel, unlike that dentin 
bone, closely bound with primary calcification. Secondary calcification 
enamel appears directly controlled the ameloblasts. evidence 
was obtained that the odontoblasts pulp are actively concerned this process. 
also proposed that mantle dentin calcifies the same time the primary 
calcification enamel, and controlled the enamel organ. 
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previous paper (Aldridge, Barnes and Denz, 1949) full description was 
given the pathological changes found animals dying from acute poisoning 
result the intravenous injection soluble beryllium salts. The most 
conspicuous lesion was necrosis the liver, apparently initiated the accumu- 
lation within the large part the injected beryllium. Some damage 
the tubules the kidneys was noted and there were changes the white cells 
the blood. 

this paper some the accompanying biochemical changes are described. 
Similar observations have been made animals poisoned with variety 
agents that produce liver necrosis, e.g. diphtheria toxin, halogenated hydro- 
carbons, phosphorus, guanidine and organic The results have been 
reviewed Holmes (1939). the outset was hoped that some evidence 
specific biochemical due beryllium might forthcoming. 
However, all the results obtained pointed the fact that the biochemical distur- 
bances were the result increasing impairment the liver function 
whole. 

Our results confirm and amplify those other workers this field, and they 
are recorded because they show that beryllium salts are very suitable agents 
for the experimental production liver necrosis. Remarkably consistent effects 
with the same dose were noted variety laboratory animals. There 
rapidly spreading liver necrosis with few changes any significance other vital 
organs. The beryllium can detected the tissues the delicate histochemical 
method devised Denz (1949). Furthermore, the damage must initiated 
the beryllium itself, and cannot result from the presence breakdown products 
might the case when organic chemical compounds are used for this purpose. 

have not been able link these changes with the interesting observations 
Grier, Hood and Hoagland (1949) and Klemperer, Miller and Hill (1949) 
the inhibition phosphatase beryllium, which have been confirmed and 
amplified Aldridge (1950). The power beryllium replace and inhibit 
alkaline phosphatase very great theoretical interest, and clearly points the 
way understanding the extreme toxicity this element. The work 
recorded here throws light the precise mode action beryllium. 


METHODS AND MATERIALS. 
Blood-sugar estimations were carried out samples collected oxalate- 
fluoride anticoagulant mixture the method Somogyi (1945). The other 
blood constituents were determined the following Urea and calcium 
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(Peters and van Slyke, 1932), non-protein nitrogen (Rappaport and Eichhorn, 
1947), lactic acid (Barker and Summerson, 1941), potassium (Abul Fadl, 1949), 
alkaline phosphatase (King and Armstrong, 1934). addition, liver glycogen 
was determined the method Good, Kramer and Somogyi (1933), and liver 
arginase the method Folley and Greenbaum (1948). 

Albino rats excellent condition were obtained from the Ministry Supply 
Animal Farm, Porton. Rabbits were also used, but these suffered from varying 
degrees coccidiosis, with some accompanying fibrosis the liver many cases, 

All the data have been tested against normals for significance, using the test 
given Yule and Kendall (1949). 


All the observations recorded below were made rabbits rats receiving 
lethal dose beryllium. The actual amount given each animal was either 
0-5 0-75 mg. per kg. injected intravenously solution lactate 
sulphate. Death invariably followed within days. Rabbits usually died 
less than hours, while the majority rats lived little longer. save repe- 
tition the phrase after beryllium will used describe this procedure. 


Immediate cause death. 

The majority rabbits dying after beryllium had series violent convul- 
sions that immediately preceded death. The blood-sugar levels these animals 
were about mg./100 ml. less. Rats had low blood-sugar levels, but did not 
have convulsions. seemed probable that this low blood-sugar level was the 
immediate cause death, and that was the result the extensive destruction 
the liver. Although similar picture seen dogs poisoned with carbon 
tetrachloride phosphorus, Williamson and Mann (1923) did not consider that 
death these animals was the result acute liver failure similar that 
seen hepatectomized dogs. 

Carbon tetrachloride and diphtheria toxin well other hepatotoxic agents 
may produce varying degrees renal damage. the case carbon tetra- 
chloride the degree renal involvement associated with the route adminis- 
tration (Dervillée, 1935). Yannet and Darrow (1933) found that rabbits 
dying after diphtheria toxin the non-protein nitrogen rose high 250 
350 mg./100 estimations the blood urea and non-protein nitrogen 
rabbits after beryllium showed only small rises, which indicated that renal failure 
was not important factor killing the animals (Table I). 


Blood Urea and Non-protein Nitrogen Levels Rabbits after the 
Injection Lethal Dose (0-75 mg./kg.) Beryllium, 


Death occurred all animals less than days. 
Non-protein 


Blood urea 
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Convulsions may also follow reduction blood calcium. Minot and Cutler 
(1929) believed that fall the blood calcium level was important factor 
bringing about the death dogs poisoned with carbon tetrachloride. They 
found that injections calcium gluconate would save the lives some the 
poisoned animals. apparently exerted its effects raising the blood sugar 
(Minot, 1931). rabbits poisoned with beryllium there was initial rise 
the level blood calcium, followed progressive fall death. The calcium 
never fell convulsive levels (Table II). Injections calcium gluconate did 
not affect the course the illness the rabbits. 


Levels Rabbits given Lethal Dose Beryllium 
Lactate mg. Be/kg.). 


All the animals died within hours. 


seemed probable that the animals died result severe disturbance 
their carbohydrate metabolism and the nature this disturbance was further 
investigated. 


Disturbances the carbohydrate metabolism. 


The blood-sugar level was determined rabbits after beryllium. The time 
death after the injection varied considerably within the range hours. 
Because this irregularity the time death the blood-sugar figures are 
grouped according the time before death which they were taken. This 
limited the figures used those taken from rabbits where the time death was 
accurately known (Table ITI). 


Levels Rabbits after the Injection Lethal Dose 
Beryllium. 


No. Blood sugar (mg./100 ml.). 
24-48 hr. before death 1-59 0-937 


order determine whether the low blood-sugar level was actually the 
immediate cause death these animals, experiment was done which 
rabbits were given repeated injections glucose. Twelve rabbits were given 
lethal dose beryllium, and hours later series two-hourly injections 
ml. saline were started. Six animals received 600 mg. glucose each 
injection and the other six received saline alone. 
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Effect Repeated Injections Glucose the Survival Time 
Rabbits given Fatal Dose Berylliwm (0-75 mg. Be/kg.). 


Survival time (hours). 


Group 2-hourly injections ml. 
Group 2-hourly injections ml. 
per cent glucose saline 0-984 


The results this experiment presented Table show that the survival 
the rabbits was significantly prolonged the administration glucose. 
Death, nevertheless, was not long delayed even though the administration 
the glucose was continued. post-mortem the livers the treated animals 
were conspicuously more necrotic than those the untreated animals that died 
earlier. 

Examination the figures blood-sugar levels rabbits showed that 
there was significant fall hours after beryllium. Some additional 
evidence impairment the carbohydrate metabolism this stage the 
poisoning was obtained means glucose tolerance test. Rabbits were 
given large amounts glucose intravenously—10 ml. per cent glucose 
solution—and the blood level determined intervals thereafter. Normal rabbits 
were compared with those that had been given beryllium hours earlier. The 
figures are given Table and show that there was delay (just significant 
hour) the rate removal the glucose the animals that had received 
beryllium. 


TaBLE V.—A Comparison the Rate Removal Glucose from the Blood 

Normal Rabbits and Rabbits that had been given Lethal Dose 

Blood sugar (mg./100 ml.). 


was interest know whether these results indicated that the beryllium 
was causing specific disturbance the metabolism carbohydrate, whether 
these changes blood-sugar level and glucose tolerance were the result the 
accompanying liver damage. Dawson and Holmes (1939) have shown that 
impairment the power utilize lactic acid one the earliest signs poisoning 
diphtheria toxin. This applies both the whole animal and liver slices 
vitro. Corkill and Ochoa (1934) found that rabbits poisoned with diphtheria 
toxin were unable use lactic acid form liver glycogen time when they 
could still build glycogen from glucose. Blood lactic acid levels were deter- 
mined rabbits intervals after beryllium, and the results are presented 
Table VI. 
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TaBLE VI.—Blood Levels Lactic Acid Rabbits given Fatal Dose 
Beryllium (0-5 


The figures Table show that there significant rise blood lactic 
acid hours after lethal dose beryllium. Since these animals remain very 
quiet and are much less active than normal rabbits, the rise cannot accounted 
for increased production lactic acid such that which follows muscular 
activity. There must either abnormal production lactic acid, 
decreased ability the liver remove lactic acid from the circulation. 

Cross and Holmes (1937) and Dawson and Holmes (1939) had examined the 
power animals poisoned with diphtheria toxin remove injected sodium 
lactate from the blood and had found significant impairment within hours 
the injection lethal dose this toxin. These experiments have been 
repeated rabbits poisoned with beryllium, and method evaluating the 
results has been devised. 

The details the test are follows 

Rabbits various times after beryllium injection (0-50 mg./kg. body weight) 
were placed box (for bleeding) for hour before the tolerance curves were 
determined. Blood samples were taken fluoride-oxalate anti-coagulant. 
Sodium lactate 400 mg./kg. body weight was injected intravenously (time 
injection about minute). Two samples blood were taken before the injection, 
and further samples 12, 22, and minutes after the lactate 
tration. This standard procedure was adopted for all the tolerance curves. 
the subsequent discussion the term normal blood lactic acid will used 
for both control and experimental (Be injected) animals. Normal blood lactic 
acid defined the mean value series determinations number 
animals under identical experimental conditions. This value will taken 
from Table VI, where they are given Means number determinations. 

both control and experimental animals the intravenous injection sodium 
lactate (400 mg./kg.) produces considerable rise blood lactate concentration, 
followed steady and progressive fall. The two groups cannot, however, 
compared directly. has been shown (Table VI) that animals poisoned with 
have higher blood lactate levels than normal animals. After the 
initial rise after the injection lactate highly probable that the experimental 
group will return eventually its relatively high pre-injection level and the control 
group its lower normal level. The lactate metabolism beryllium injected 
animals seems set higher level than control animals. Further, 
examination the lactate tolerance curves for experimental and control rabbits 
shows that the rate removal lactic acid (mg. lactic/10 min./100 ml. biood) 
more rapid, the higher the starting levels, the rate lactic acid removal 
proportional the height the level blood lactate. This illustrated 
ig. where number representative lactate tolerance curves from normal 
animals are shown graphically. can seen that where the starting level 


i 


lactic acid per 100 ml. blood 


Time minutes 


Fic. 1.—Effect starting level the rate removal lactic acid from the blood stream. 


high (Curve the rate fall the blood lactate the slope 
the curve much greater than the other animals (Curves and 3). attempt 
has been made eliminate some the difficulties comparing such tolerance 
curves. similar method was used Greville (1943) studying the removal 
glucose from the blood stream. Glucose tolerance curves are complicated 
the concentration glucose dropping below its pre-injection level. 

postulated that the rate lactic acid from the blood pro- 
portional the difference between the height the blood lactic acid 
injection level for the experimental group which the animal member. 

The following formula may derived 


after the completion the injection lactate. 


The expression (4) may regarded idealized expression the rate 
removal from the blood injected lactic acid from which the influence variable 
starting levels has been removed. The hypothesis which this expression 
based has been tested plotting against for control animals. 
Fig. the three curves given Fig. are plotted this basis and give 
series straight lines which are roughly parallel. The fact that the lines are 


Where blood lactic acid level mg./100 ml. time after lactate 
injection. 

normal lactic acid level mg./100 ml. (ref. Table VI). 

constant. 
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straight and parallel shows that constant predicted, and the postulate 
that the rate removal dependent the starting level confirmed. The 
rate removal lactic acid will expressed units calculated from the 


relationship practice blood samples were taken 


10-minute intervals and the values for calculated for each sample, 
the difference between the values two consecutive samples constituting the 
value The distribution the experimentally obtained values for control 


— 

— 
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Time minutes 


Fic. plotted against Time. Rate removal lactic acid expressed 


starting levels. 


animals given Fig. where the frequency curve the results shown against 
the calculated mean. The distribution sufficiently regular confirm the 
significance the constant, 

The results the experiments carried out rabbits after beryllium are given 
Table 

comparing the results given Tables and VII seen that although 
there significant rise the lactic acid level hours after injecting lethal 
dose beryllium, there significant impairment the power the tissues 
remove lactic acid injected into the circulation. possible that the rise 
blood lactate partly compensatory because, shown above, the rate removal 
lactate increased raising the blood level. Thus the animals the earlier 
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TaBLE VII.—Lactic Acid Clearance Tests Rabbits with 


(0-5 
400 mg. lactate (dl) per kilo injected intravenously. Each value 
but 
stages beryllium poisoning may have their capacity remove added lactate 
enhanced their higher resting level lactate. the later stages the whole 
mechanism for removing lactate breaks down. therefore possible explain 
may 
0-04 0-12 ivi 
Groups 
3.—Histogram the values B)/10 min. for the rate removal lactic acid 
from the blood stream. Examination data approved method (Yule and Kendall, 
1949) gives values for 0-193 and for 2-66, indicating normal distribution. 
the apparent anomalous results the two experiments hours after beryllium 
assuming that that stage the power the liver remove lactate 
impaired, just its power remove glucose (Table IV). 
The liver glycogen content was also determined different times after 
beryllium. Rats were used these experiments. 
The figures are given Table VIII. 
During the first hours the fast, glycogen lost more slowly from the neve 
livers rats poisoned with beryllium than from the liver normal animals. later 
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Liver Glycogen Content Fasted Rats Killed Different Times 
after the Injection Lethal Dose Beryllium (0-75 


Percentage liver glycogen. 


No. Normal. No. poisoned. 


This may accounted for the reduced activity the poisoned animals, 
but may possibly the result the presence beryllium the liver. During 
the ensuing hours the liver glycogen normal animals rises progressively. 


the poisoned animals continues fall. This not surprising view 


the increasing destruction the liver tissue. Although there rapid fall 
the liver glycogen rabbits poisoned diphtheria toxin (Dawson and Holmes, 
1939), the same animal retains the power synthesize glycogen from sugar 
hours after receiving diphtheria and Ochoa, 1934). 


Changes the liver. 


The evidence presented thus far indicates that there major disturbance 
the carbohydrate metabolism within the first hours the administration 
lethal dose beryllium. Slight but significant changes have been described 
the blood-sugar level, glucose tolerance and blood lactic acid level. Death 
may, nevertheless, follow within further hours, and always occurs within 
hours. Focal necrotic lesions are conspicuous the liver within hours 
giving beryllium, and these lesions rapidly spread. series investigations 
were therefore made the behaviour the liver itself. 

Liver cells, like red blood cells, have high content potassium, and series 
determinations liver potassium were done because was thought that 
changes the liver cells might associated with change their content 
potassium. The liver was homogenized water and the homogenate depro- 
teinized with trichloracetic acid. The potassium was determined the method 
Abul Fadl (1949) (Table IX). will seen that there was progressive loss 
potassium from the liver, and this loss was already significant hours after 
giving the beryllium. 


Potassium Content after Injecting Lethal Dose Beryllium 
(0-5 mg./kg.) into Rats. 


Although histological changes are quite conspicuous the liver rats 
hours after beryllium, jaundice not obvious until hours later. Rabbits 
never had overt jaundice, but there was increase their serum bilirubin the 
later stages poisoning. 
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Much work has been done changes the serum alkaline phosphatase 
jaundice. There marked rise cases toxic jaundice due chloroform, 
phosphorus and toluylene diamine poisoning, but none where the jaundice results 
from the haemolysis produced phenyl-hydrazin (Armstrong and King, 1935), 
Jaundice produced experimentally ligation the bile ducts associated with 
large increases serum alkaline phosphatase (Armstrong, King and Harris, 
1935). Reviews the relationship between serum alkaline phosphatase and 
disorders the liver have recently appeared (Gutman, Olson, Gutman and Flood, 
1940 Moog, 1946; Sherlock and Walshe, 1948). Bile normally very rich 
alkaline phosphatase, and seems probable that the rise the serum level 
phosphatase may due the accumulation the serum bile that can 
longer excreted the damaged liver. 

Table shows the average level serum alkaline phosphatase rabbits 
different times after beryllium, and progressive rise occurs which much more 
profound during the last hours life. However, the level phosphatase 
compared two groups poisoned animals, one which has normal, and the 
other raised levels bilirubin, will seen that the rabbits the latter group 
also have much higher levels alkaline phosphatase. 


TaBLE Alkaline Phosphatase Rabbits after Lethal Dose 
(0-75 mg./kg. 
(a) Grouped according time after injecting beryllium. 


Alkaline phosphatase 


(b) Grouped 
(i) With normal bilirubin level. 
(ii) With raised bilirubin level. 
No. Units/100 ml. 
(a) Normal bilirubin. 6-89 


The phosphatase content the livers rats poisoned with beryllium was 
determined, and found rise very markedly the later stages poisoning 
(Table XI). The liver was homogenized and the phosphatase activity determined 
the method King and Armstrong (1934) the presence 0-01 magnesium 
ions. 


Liver Phosphatase Activity Rats given Lethal Dose 
(0-5 mg./kg.). 
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The cause the rise liver phosphatase obscure. Just the rise the 
serum phosphatase associated with raised bilirubin level, the rise the liver 
phosphatase may attributed the same cause. The origin the bile phos- 
phatase remains unknown. The rise may due the failure the liver 
excrete any the bile forms, while the bile itself may formed steadily 
decreasing amounts the surviving liver tissue. 

contrast the liver arginase content falls the latest stages time 
when much destruction liver tissue has taken place. Liver arginase was 
determined liver homogenate containing mg. manganese per ml. One unit 
ar'ginase the amount enzyme which liberates micro mole urea 
minute 37° (Folley and Greenbaum, 1948) (Table 


Arginase Content Rats Poisoned with Beryllium. 


should emphasized that these changes phosphatase and arginase 
refer the total enzyme, and are not due losses the activating ions. 


DISCUSSION. 


Animals poisoned with beryllium die acute liver failure due rapidly: 
spreading necrosis initially midzonal distribution. Death preceded fall 
the level blood-sugar, and the lives poisoned rabbits can prolonged for 
few hours administering glucose. But just the lives animals deprived 
their livers surgical operation may prolonged glucose, this only gives 
temporary relief, and the animals die from causes other than extremely low 
blood-sugar level. 

has unfortunately not proved possible far identify the exact point 
action the beryllium, but the evidence presented here suggests that this lies 
within the liver, and that there direct effect upon the body’s metabolic 
processes whole. The recent discovery the beryllium 
inhibitor phosphatase and its power replace magnesium provides one 
clue the problem the precise mode action beryllium. 


SUMMARY. 


Some the biochemical disturbances associated with acute beryllium poison- 
ing rabbits and rats have been examined. 

rabbits there progressive fall the blood-sugar levels until hypo- 
glycaemic convulsions develop just before death. earlier stage there 
impairment the rate removal injected glucose and lactate from the blood. 

Blood calcium levels and blood urea and non-protein nitrogen levels are not 
seriously affected. 
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The serum alkaline phosphatase rises with increasing bilirubinaemia. The 
liver phosphatase also rises. the other hand, the liver potassium and liver 
arginase levels fall progressively. 

The results are discussed and concluded that the biochemical disturbances 
demonstrated are the result progressive destruction the liver tissue. 


REFERENCES. 


M.—(1949) Biochem. J., 44, 282. 

ALDRIDGE, N.—(1950) Nature, 165, 772. 

Idem, M., A.—(1949) Brit. exp. Path., 30, 375. 

R., anp J.—(1935) Canad. med. Ass. J., 32, 379. 

B., H.—(1941) biol. Chem., 138, 535. 

B., anp Physiol., 82, 399. 

Cross, A., anp E.—(1937) Brit. exp. Path., 18, 370. 

Dawson, R., G.—(1939) 20, 357. 

Denz, A.—(1949) Quart. micr. Sci., 90, 317. 

P.—(1936) Méd. Bordeaux, 113, 91. 

GREENBAUM, L.—(1948) Biochem. J., 43, 537. 

A., H., anp M.—(1933) biol. Chem., 100, 485. 

GREVILLE, D.—(1943) Biochem. J., 37, 17. 

Hoop, B., anp B.—(1949) biol. Chem., 180, 289. 

Invest., 19, 129. 

G.—(1939) Physiol. Rev., 19, 439. 

J., anp R.—(1934) Canad. med. Ass. J., 31, 376. 

Idem Proc. Soc. exp. Biol., N.Y., 26, 138. 

F.—(1946) Biol. Rev., 21, 41. 

P., anp Van D.—(1932) ‘Quantitative Clinical Chemistry,’ 

Rappaport, F., anp F.—(1947) Lancet, ii, 171. 

SHERLOCK, S., anD V.—(1947) Path. Bact., 59, 615. 

M.—(1945) biol. Chem., 160, 69. 

anp Mann, Amer. Physiol., 65, 267. 

H., anp Darrow, C.—(1933) clin. Invest., 12, 767. 

U., anp G.—(1949) ‘An Introduction the Theory Statistics,’ 
pp. 156 and 442. London (Charles Griffin). 


nev 
14, 
Fou 
logi 
leas 
hae 
stuc 
case 
Rig 


THE VASCULAR SUPPLY THE LIVER AND THE ANATOMY 
ECLAMPSIA. 
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THE occurrence focal lesions the livers eclamptic patients frequently 
claimed indication the action toxin, and although this toxin has 
never been demonstrated, the belief still widely held. recently January 
14, 1950, symposium toxaemias pregnancy organized the Ciba 
Foundation, Browne declared that all the manifestations eclampsia can 
only explained the basis toxic action, and Way (1947), clinico-patho- 
logical survey series fatal cases, came the same conclusion. 

the purpose this communication show that the hepatic lesions 
least need not necessarily due toxin, but that simpler explanation may 
found for their production. 

long ago 1886 Jiirgens described haemorrhages the liver association 
with eclampsia. (1888) enlarged upon Jiirgens’ work, and reported the 
occurrence lesion typical eclampsia, namely, periportal necrosis with 
haemorrhage. Since that time many authors have repeated this statement 
(Williams, 1927 Opie, quoted Stander, 1929 Ballantyne and Teacher, 1912 
Dieckmann, 1941 Baird and Dunn, 1933). the other hand, there have been 
numerous reports the literature which are contradictory (Bell, 1929 Acosta- 
Sison, 1931 Kellogg, 1937 Fahr, Stander, 1929). These authors found 
the lesion inconstant, and when present, very variable distribution. Theobald 
(1932), however, study cases, found cellular changes all cases but 
haemorrhage was only present 31. These haemorrhagic lesions were mainly 
present the periphery lobules, but were occasionally found the central 
mid-zones. 

view the variability these reports decided that, before proceeding 
the experimental part our study, was necessary define the lesions which 
would try imitate animals. have therefore made histological 
study the livers cases eclampsia obtained from several hospitals 
Glasgow and district, and the following brief report our findings these 
cases. 


Human 


the first instance divided the cases according the treatment received. 
were treated the Stroganoff method, and therefore received chloroform 
repeatedly. The remainder were treated along conservative lines, and received 
mainly morphia, bromides and intravenous glucose. Twelve these, however, 
chloroform delivery. order establish criteria, therefore, only 
cases were considered initially, the remainder being viewed the light 
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our findings these 20. case receiving chloroform history 
suggestive chloroform poisoning showing lesions the liver described 
Sheehan (1940) typical chloroform poisoning has been included our 
series. Examination these cases showed that they could divided into 
four groups the basis the histological changes found. 


Group cases.) 

The liver parenchyma this group was apparently normal. few 
the cells appeared rather pale with somewhat foamy cytoplasm, but there 
was evidence necrosis, and the changes may well have been due glycogen, 
since these patients had received intravenous glucose. 


Group cases.) 

Well-marked changes were present the central and midzones this 
the least affected cases there was loosening the cell-columns with 
degeneration the central and mid-zones. most lobules there was actual 
necrosis one two cells, the nuclei which were pyknotic and the cytoplasm 
disintegrating. More frequently there was marked necrosis anoxaemic types 
(Fig. 1). This extended from the centre lobule within cells the 
portal tract. Sometimes, however, there was ring healthy cells around the 
central vein. many cases the vessels the portal tract appeared normal, 
apart from congestion and excess polymorphs the contained blood. 
Frequently, however, the hepatic artery was dilated and the wall necrotic. 
Occasionally fine deposit thrombus was present the portal vein, but this 
did not extend into the sinusoids. These vascular changes were never present 
together the vein was thrombosed the artery was normal, and vice versa. 


Group cases.) 

This group was characterized fibrinoid lesions, which were mainly small. 
one type lesion the area affected was really very tiny (Fig. and 3). involved 
sector cells roughly triangular section immediately adjacent the portal 


EXPLANATION PLATES. 

1.—Section human liver from Group There advanced centrolobular necrosis. 

2.—Section human liver from Group showing tiny area peri-portal fibrinoid 

Fic. 3.—High-power view lesion Fig. the fusion necrotic cells form 

4.—Section liver from animal Group killed hours after injection oil into 
hepatic artery. Note the broad band necrosis and leucocytic infiltration the mid- 
zonal region. Two portal tracts are included the field. 100. 

5.—Section liver from animal Group killed hours after injection oil into 
hepatic artery and portal vein. There are small areas peri-portal necrosis anaemic 

6.—Section liver from animal Group hours after injection oil. There 
are large areas necrosis surrounding the portal tracts. 115. 

Fic. 7.—Section liver from animal Group killed hours after injection oil. The 
liver cells have disappeared and the area occupied red blood corpuscles. 

Fic. 8.—High-power view the lesion Fig. structures around the portal tract, 

including liver cells, connective tissue and vessels, have disappeared leaving only lake 
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tract, usually cells deep and cells broad the edge next the tract. 
this area the sinusoids were obliterated, and the liver cells had undergone 
sort coagulative necrosis with loss nuclei. All structures were fused into 
hyaline almost homogeneous mass. This fibrinoid mass only gave weak 
reaction with Gram’s stain. The vessels the portal tract appeared normal 
apart from dilatation the portal vein. The surrounding liver cells were usually 
healthy, but sometimes they showed marked degeneration. these cases they 
became greatly swollen and finely vacuolated with pyknotic nuclei Gram’s 
stain gave strong positive reaction parts this type lesion where definite 
strands fibrin could seen. 

other thrombotic lesions the parenchymatous changes were far 
advance the vascular. There was marked necrosis around the portal tract, 
extending far the mid-zone. The liver cells were various stages 
disintegration. The changes were most marked triangular area adjacent 
the portal tract. this site the liver cells had completely disappeared and the 
area was occupied mainly skein fibrin. The portal vein and hepatic 
artery and their branches contained many polymorphs. Although these vessels 
were sometimes normal there was commonly thrombosis the portal vein and 
necrosis not thrombosis the artery. The appearances this type lesion 
suggested that necrosis the parenchyma came first, and that the fibrin was 
subsequently deposited the necrotic area. 


Group cases.) 


Extensive necrotic and haemorrhagic lesions were found this group. The 
necrosis many instances extended all round the portal tract and outward 
almost the central veins, but the changes were always most advanced the 
area immediately surrounding the tract. this part the cells were disinte- 
grating, while further out they showed pyknosis but retained their form. The cell 


‘columns were disorganized and congested was common, and 


many parts the cells were actually lying pools blood. these cases both 
portal vein and hepatic artery were thrombosed. The walls the artery were 
necrotic and infiltrated with fibrin. 


Commentary. 

previously stated, the underlying cause eclampsia thought many 
toxin, and one the arguments put forward favour this theory 
the occurrence periportal necrosis the liver. has been suggested that 
the toxin brought the liver via the blood stream, and would seem natural 
expect that the first cells affected would those nearest the portal tract. 
practice, however, found that toxins generally cause centrolobular mid- 
zonal necrosis. addition eclamptic lesions are most commonly found, and are 
most severe just beneath the capsule the upper surface the right lobe, 
furthest away from the main source blood supply. would also reasonable 
expect some specificity the action toxin, but have seen, eclampsia 
for the variability its lesions. 

recent years there has been tendency relate the symptoms and lesions 
eclampsia the hypertension which constant feature the disease. The 
marked vascular phenomena the above series would tend support such 
hypothesis. cases known vascular lesions the liver, however, centro- 
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lobular necrosis has been the usual finding. This has been described following 
injury (Behrend, 1920), embolism (Pass, 1935 Simmonds and Jergesen, 1935) 
and accidental ligation (Segall, 1923 Newcomb, quoted Cameron and Mayes, 
Lund, Stewart and Lieber, 1935) the hepatic artery. According 
Himsworth (1947) similar lesion follows acute thrombosis the portal vein. 
Occlusion either vessel would provide sufficient explanation the lesions 
described our second group cases, but determining the pathogenesis 
lesions with peri-portal distribution presents some difficulty. Nevertheless, 
view the marked lesions vessels, well regard the process 
primarily vascular origin. Necrotizing arteritis resembling that described 
found malignant hypertension (Moritz and Oldt, 1937). Similar lesions have 
been shown constant accompaniment experimental hypertension 
(Wilson and Pickering, 1938 Goldblatt, 1938; Friedman, Jarman and Klemperer, 
Schroeder and Neumann, 1942; Patton, Page and Ogden, 1943), and 
Byrom and Dodson (1948) have demonstrated that the lesions are the result 
hypertension per and are not due any toxic factor. 

Our survey human material left with many problems, but one called for 
immediate attention. was necessary determine the anatomical pattern 
the hepatic lesions eclampsia, especially the periportal type, could dupli- 
cated interfering with the vascular supply the liver parenchyma. 

Cameron and Mayes (1930) have made exhaustive review the literature 
dealing with experimental occlusion the main hepatic vessels. The results 
these experiments, however, bear little relationship the lesions found preg- 
nancy toxaemia. this condition the main vessels are normal, and only 
the finer branches that changes are found. 

was necessary allow for sufficient collateral supply, and therefore 
had produce occlusion the smaller branches the portal vein and hepatic 
artery, and then only proportion these. employed dilute solution 
urethane our earlier experiments but the results were not satisfactory. 
Either the solution was too dilute and change took place, the main branches 
the portal vein and hepatic artery became thrombosed. further objection 
urethane was its toxin action. Finally decided make use simple 
olive oil emulsion. 


METHODS. 


Forty-six healthy non-pregnant adult female rabbits were used. These 
were divided into groups 15, 15, and respectively. Group received 
injection the oil emulsion into the hepatic artery. Group the injection 
was made into the portal vein, and Group the emulsion was injected into 
both artery and vein. Group were kept controls. 

The animals were anaesthetized with ether, the abdominal cavity opened and 
ml. the emulsion injected into the appropriate vessel. The emulsion 
was coarse one, made simply shaking mixture olive oil with 
sterile normal saline. The whole operation, from the first administration 
anaesthetic suturing skin, took minutes. 

Groups and were each subdivided into sets three animals. The sets 
after the time injection. Group was divided into sets animals killed 
the same manner and hours respectively, after injection the oil. 
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The four control animals were anaesthetized with ether, kept under the 
anaesthetic for fully minutes and finally killed overdose. 

After noting the post-portem appearance the pieces were selected 
for histological examination and fixed per cent formal saline and alcoholic 
picric acid. Paraffin sections were prepared and stained haemalum and eosin, 
Bauer-Feulgen‘s method for glycogen, and Foot’s method for reticulum. Frozen 
sections were stained Sudan and Pickworth’s method. 


Group receiving injections into hepatic artery. 


Post-mortem appearance the change could observed the liver 
the end hour, but hour there was general subcapsular congestion. 
This general congestion was also apparent hours, but hours had become 
patchy and there were areas definite pallor. these the lobular markings 
were prominent. the end hours the areas pallor were very marked 
and the lobular markings these areas were blurred. the edge the pale 
areas there was marked congestion. 

Histology.—The changes during the first hour were not gross. There was some 
loss staining the central and midzones the lobules, within 
cells the portal tracts hour and the 1-hour interval this was more marked. 
The cells were pale and swollen, and the cytoplasmic substance was flocculated 
into coarse granules. Small masses bile pigment were present few the 
midzonal cells both and hour. Both portal and central veins were dilated, 
and also some the intervening sinusoids. Reticulum preparations, however, 
suggested that most the sinusoids were compressed the greatly swollen 
cells. some lobules the reticulum the midzones appeared fragmented. 
Glycogen was greatly reduced even the }-hour interval, and was only found 
zone cells surrounding the central veins. hours the central 
and midzonal cells were greatly swollen. Part the swelling was due fatty 
vacuolation. Vacuoles varied size but were mainly large (Fig. 4). Most 
the sinusoids were narrowed this swelling, but few were dilated. Much 
the reticulum the mid-zones was fragmented and the 
other hand there were foci general argyrophilia the mid-zones. These 
foci probably consisted necrotic dying cells. Glycogen was still present 
the cells immediately surrounding the central vein. hours the changes 
were much more advanced and focal nature. They consisted small groups 
pale bloated cells undergoing necrobiosis. The swelling was non-fatty. The 
nuclei showed karyolysis and the intervening sinusoids were obliterated. 
slight polymorph reaction was present the surrounding tissue. These lesions 
were mainly midzonal, but towards the free surface they sometimes occurred 
paraportal very occasionally peri-portal situations. Pickworth prepara- 
tion showed the avascularity the central and midzones the lobules. Fatty 
vacuolation was still present the central zones. Glycogen was. practically 
absent. hours mid-zonal necrosis was well established and sometimes 
stretched from one lobule another (Fig.7). The liver cells were process 
disappearing, and there was intense leucocytic reaction the necrotic area. 
slight fatty vacuolation was present the central zone. There was marked 
dilatation the portal and hepatic veins. The necrosis usually involved 
band cells wide, leaving peripheral zone healthy cells similar 
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width around. the portal tracts. Larger areas necrosis were frequent the 
free edge the liver. these the outlines the cells could still seen but 
the nuclei had completely disappeared. There was little sign leucocytic 
reaction these. was remarkable that masses embolic fat could still 
seen those areas, whereas most had disappeared from the vessels the 
substance the liver the interval. will realized course that 
only minority lobules showed lesions. With the small dose oil used the 
majority the lobules escaped damage. the centre the smaller areas 
necrosis the substance the liver the reticulum had disappeared and the 
reticulum fibres the periphery were collapsed together, indicating that the 
liver cells had disappeared. these reticulum preparations there was obvious 
dilatation the central sinusoids. Glycogen was almost completely absent. 


Group 2.—Animals receiving injections oil into portal vein. 

Post-mortem appearance interval change could seen 
animals, but the third showed slight general subcapsular congestion. 
This congestion was more marked and was present all three animals hour. 
hours the congestion was very marked, and there was dilatation the 
vessels the falciform ligament. The anterior edge the liver showed occasional 
tiny areas pallor. the end hours the congestion was 
intense but had patchy distribution. The intervening areas were pale. 
further change could seen macroscopically hours. 

Histology.—These were very similar the findingsin hour the 
central veins and sinusoids were dilated and there was similar change some 
the hepatic arteries. Some endothelial cells lining the sinusoids contained 
brown pigment granules. Reticulum preparations showed practically change. 
Glycogen was abundant. Loss staining the central and mid-zones was 
quite marked hour, and there were relatively large but infrequent masses 
bile-pigment the endothelial and parenchymatous cells the mid-zones. 
eosinophile reaction was present around the fat emboli. The central veins 
and hepatic arterioles were still dilated. There was change reticulum, 
but the preparations showed that the central sinusoids were almost obliterated, 
due swelling the pale cells. Glycogen was still abundant. Fatty vacuolation 
was apparent the mid-zones the end hours. The reticulum these 
areas was fragmented, and some seemed process disappearing. 
abundance glycogen was still present the periphery the lobules. 
the central and mid-zones showed hydropic degeneration with definite 
necrosis occasional cells. Deposits bile pigment were comparatively frequent 
the endothelial cells, and the liver parenchyma was peppered with small 
brownish-black granules. These pigment deposits are apparently directly related 
anoxaemia and have been described acute experimental acidosis. There 
was some loss reticulum the mid-zones relation necrotic cells, but 
was not marked feature. The glycogen reaction was fainter but still present 
the peripheral zones. Midzonal and central necrosis was well developed 
the end the hours. some lobules the necrosis was more paraportal. 
Pickworth preparations showed well-marked avascularity the central zones 
and congestion the peripheral sinusoids. The necrotic cells were swollen and 
hydropic with fading, absent nuclei. All but few fragments reticulum 


had 
rem 
lesic 
cert 
and 
free 
und 
adja 
secti 
and 
nun 
The 
char 
oblit 
cells 
retic 
too 
the 
nect 
had 
the 
lobu 
area 


VASCULAR SUPPLY LIVER AND ANATOMY ECLAMPSIA 491 


had disappeared from these areas. Only very faint deposit glycogen now 
remained the periphery the lobule. with the arterial injections, the 
lesions were scattered and many lobules were free from damage. the end 
hour many the fat emboli appeared have escaped into the general 
circulation, and hours few emboli could seen sections the liver. 


Group 3.—Animals receiving injection into hepatic artery and portal vein. 


Post-mortem appearance liver—At hours there was intense subcapsular 
congestion which some areas suggested haemorrhage, although this was un- 
certain owing the general cyanosis the organ. hours there was definite 
subcapsular haemorrhage. Areas pallor alternated with areas congestion 
and small pin-points possible necrosis could seen, especially towards the 
free edge. further change could observed and hours. 


the 2-hour specimen subcapsular haemorrhage was present. 
had apparently separated the capsule without causing gross damage the 
underlying parenchyma, although few the cells showed early necrobiosis. 
slight leucocytic reaction was present the blood the haemorrhage and 
adjacent sinusoids. The most marked feature was the occurrence numerous 
tiny areas periportal necrosis. These lesions were roughly triangular 
section, and the central portions consisted cells with very eosinophilic cytoplasm 
and showing marked karyolysis. The sinusoids were mainly obliterated, but 
number contained globules fat. the periphery the lesions the liver cells 
showed pyknosis the nuclei and the cytoplasm was very basophilic (Fig. 5). 
The central veins and nearby sinusoids were congested and dilated. The earliest 
change appeared swelling the periportal cells with almost complete 
obliteration the sinusoids. This was followed disintegration the liver 
cells and dilatation the sinusoids. These changes were easily demonstrated 
reticulum preparations which outlined cells and sinusoids. these preparations 
too there could seen extensive network dilated channels connecting 
the vascular system the parenchyma with subcapsular vessels. These con- 
nections sometimes ended central veins, and other times they appeared 
lead directly portal tracts. Only faint deposit glycogen could seen 
the parenchyma. 

hours the periportal necrosis was advanced. Many the liver cells 
had disappeared. The outline the stromal framework could still seen, but 
much was also necrotic. Pools blood, apparently stagnant, had formed 
the area. very slight leucocytic reaction was present. The cells beyond 
the necrotic area were very narrow and basophilic with dark-staining nuclei. 
Surrounding sinusoids were congested and dilated, and the midzonal cells the 
lobules showed slight fatty vacuolation. Fat emboli were still present the 
vessels the portal tract. Subcapsular haemorrhage, similar that seen 
hours, was present. Reticulum preparations once more demonstrated 
the vascular changes almost diagrammatic form. The sinusoids the necrotic 
areas were grossly dilated, and these preparations could seen that the 
pools blood previously mentioned were formed the disappearance liver 
cells and the rupture disappearance the walls adjacent sinusoids. The 
central veins were all greatly dilated and the subcapsular collateral vascular 
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network was very prominent. Bauer-Feulgen preparations showed little evidence 
glycogen. 

the end hours larger areas necrosis were present addition the 
tiny lesions already noted. The changes were not advanced these larger 
areas and they appeared later development, suggesting more efficient 
collateral circulation. The appearances were rather similar those noted 
the early phase the smaller lesions. Coagulative necrosis had occurred, and 
although the cell outlines were still present, most the nulei had faded. Surround- 
ing cells were basophilic. Fat emboli could still seen. The central veins 
and adjacent sinusoids showed well-marked dilatation (Fig. 6). 

The appearances hours were not substantially different from those 
previous intervals, but there was greater tendency congestion and apparent 
haemorrhage and around the lesions. liver cells were process 
disappearing others with large hyperchromatic nuclei and basophilic cytoplasm 
appeared regenerating. the centre the lesion even the structure 
thé stromal framework was completely and irregular masses red cells 
could seen (Fig. and 8). Reticulum preparations showed that much 
the fine connective tissue had disappeared and the sinusoid walls had ruptured. 
Lesions were frequent the apparent terminations portal tracts. Altogether 
lesions were very much more numerous than previous groups. Even the 
8-hour period fat emboli were still present. Glycogen was very scanty. 


COMMENTARY. 


While cannot claim any direct relationship between these experiments 
and eclampsia, interesting note how closely the anatomical distribution 
the eclamptic lesions has been simulated the experimental animal. 
Groups and there was midzonal and centrolobular necrosis similar that 
seen Group the human cases, and the degree damage naturally varied 
with the duration vascular occlusion. With occlusion one vessel the 
portal tract the blood supply would diminished, but the general direction 
blood-flow within lobule would not alter any great extent, and the major 
part the blood supply would come via the other vessel. Nevertheless 
oxygen lack would tend occur towards the centre the lobule, thus causing 
necrosis the cells. Where the necrosis was midzonal the central cells were 
presumably being supplied collateral circulation via the central vein. 
Although our experiments were related the smaller branches the hepatic 
vessels, our results these two groups agree with those reported other observers 
(Cohnheim and Litten, Haberer, 1906 Behrend, Radisch and Kershner, 
1922 Loeffler, 1927 Cameron and Mayes, 1930), when dealing with experimental 
occlusion the main hepatic vessels. 

cannot, however, find any record experiments comparable with those 
described Group these animals where both hepatic arterioles and portal 
venules were occluded distinct periportal necrotic lesions were produced, some 
which were haemorrhagic. Once more the site the lesion appeared 
related the direction blood-flow within the liver lobule. With both vessels 
the portal tract occluded the direction blood flow would altered, and the 
supply the parenchyma must have come through collateral channels via 
neighbouring portal tracts and central veins. The area immediately around the 
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affected portal tract would the periphery the circulation and would 
suffer most severely from lack oxygen. 

These experiments serve demonstrate that the anatomical distribution 
all hepatic lesions found the human disease can duplicated the experi- 
mental animal employing simple method progressive vascular occlusion. 
interesting note that Schmorl (1893) and Fahr (1924) both considered 
that the characteristic periportal lesion was the result anaemic necrosis and 
haemorrhage. Dexter and Weiss (1941) state that the pathogenesis the liver 
lesion not clear, but that the most plausible explanation lies the character 
the hepatic circulation. this connection should remembered that 
the lesions eclampsia are always most marked the right lobe just beneath 
the capsule—that is, furthest away from the main source blood supply. 

Although occlusion both vessels the portal tract was not invariable 
feature human periportal lesions, this does not exclude the hypothesis 
here. has been shown that periportal necrosis occasionally occurred the 
experimental animals when only one vessel was occluded. This. was found 
the subcapsular region, and probable that the collateral supply was 
inefficient these areas. conceivable also that, the hypertension 
eclampsia due arteriolar spasm, then phase might reached when the 
blood-flow through the portal vein would diminished because reduced 
arterial supply the mesenteric area. 


SUMMARY. 
simple suspension olive oil saline was injected into the hepatic arteries 


and portal veins rabbits. 

When the injection was made into either the artery the vein alone, midzonal 
and centrolobular necrosis was the usual result. 

the artery and vein were injected simultaneously periportal necrosis occurred. 

The lesions their distribution and some extent their detailed histology 
resembled those eclampsia. 

suggested that the hepatic lesions eclampsia are the result vascular 
occlusion. 
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studies have shown that incubation washed suspensions the 
coliform organism 1433 with nitrate, the absence exogenous N-source, 
results 20- 30-fold increase the ability the cells catalyse the reduction 
nitrate nitrite (Pollock, 1946). The presence amino-acids stimulates this 
adaptation process (Pollock and Wainwright, 1948). 

When nitrate-adapted cells this organism were grown glucose-ammonia 
media not containing nitrate there was loss preformed nitratase activity, 
and the enzymic activity per unit cell mass decreased towards that control 
(unadapted) cells manner consistent with dilution the enzyme 
throughout the new cell protoplasm. However, some nitratase (i.e. 
nitratase produced the absence detectable nitrate) was produced these 
i.e. the rate reduction nitrate the whole culture progressively 
increased throughout the experimental period. the case cells not previously 
adapted nitrate this production activity resulted transient 
increase nitratase activity per unit cell mass the early stages growth 
(Wainwright and Pollock, 1949). 

Similar experiments with broth and casein hydrolysate media have shown that 
under certain circumstances there very marked production nitratase 
activity the absence detectable nitrate. extension previous studies 
(Pollock and Wainwright, 1948) the influence exogenous N-source upon 
the production nitratase activity with nitrate has also been made, the hope 
obtaining some indication the role nitrate the adaptation process. 

formerly, the production nitratase activity has been considered purely 
functionally, specific increase the ability given cell mass catalyse 
the reduction nitrate nitrite under defined conditions. attempt has 
been made determine the exact nature the increase activity. 


METHODS. 


The organism used was strain (Intermediate Type 
labelled 1433 (Pollock, 1946). Cells were harvested from the hours’ 
aérobic growth tryptic meat agar, former studies (Pollock and Wain- 
wright, 1948). 
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Stock suspensions adapted cells were prepared previously (Wainwright 
and Pollock, 1949) incubation mg./ml. concentration cells for 
hours 35° glucose, nitrate, phosphate buffer (pH 7-2) 
and MgSO,. Control unadapted cells were prepared similar treatment 
but without nitrate. 


Anaérobic experiments. 


Except where otherwise stated, all anaérobic experiments were done 
atmosphere argon precision-bore stoppered tubes previously described 
(Pollock and Wainwright, 1948). Samples were treated with oxine, arrest 
growth and further adaptation, described Wainwright and Pollock (1949). 


Estimation nitratase activity. 


Nitratase activities were determined previously (Wainwright and Pollock, 
1949), with the further inclusion M/2000 oxine the reactants, minimize 
any possible further adaptation during the course the estimation. This concen- 
tration oxine has been shown have significant effect upon the nitratase 
enzyme system. 

Cells were added from the stoppers evacuated Thunberg tubes solution 
containing M/5 phosphate buffer (pH 7-2), formate (as H-donor), m/100 
nitrate, FeSO, and m/2000 oxine, 35°. 

Nitratase activity defined mol. nitrite produced mg. dry weight 
cells per hour. Total nitratase activity culture defined the rate 
nitrite production the cells the culture mol. nitrite produced per 
hour. 


Media. 


The stock casein hydrolysate medium was per cent solution 
vitamin-free casein hydrolysate 7-2 (adjusted with NaOH), supple- 
mented with m/1560 dl. (synth.) tryptophan and m/1250 cystine. The medium 
was sterilized Seitz-filtration. The total content the medium was 
mg./ml. contained detectable nitrate nitrite. 

Where casein hydrolysate referred the text, the concentrations used 
were obtained suitable dilution this medium. addition varying 
amounts exogenous N-source, except where otherwise stated, all media con- 
tained m/5 phosphate buffer (pH 7-2), m/50 glucose, MgSO, and 2000 
stock solution (1-56 g./l. ferrous ammonium sulphate m/125 citric acid). 


Estimation nitrate. 


Methods tested were the diphenyl benzidine reaction (B.D.H. 1947), the 
phenoldisulphonic acid, and zinc-copper couple reduction methods 
(Allport, 1945), and the reduction method Lees and Quastel (1946). first- 
named method not sufficiently quantitative for sensitive determinations 
indebted Mr. Edwards for this information), whilst the other methods 
were not sufficiently sensitive for estimation very small concentrations 
nitrate, the presence high concentrations casein hydrolysate interfered 
with the estimation. 
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Accordingly biological assay was used. For this purpose the test medium 
was incubated with very thick suspension mg./ml.) nitrate-adapted 
cells, and samples tested for nitrite with the reagent. 
and casein hydrolysate did not interfere with the development colour. 


RESULTS. 
Preliminary experiments. 

marked increase nitratase activity was observed when either nitrate- 
adapted unadapted cells were grown anaérobically per cent tryptic meat 
broth (total mg./ml.) containing detectable nitrate nitrite (Fig. 1). 
Similar increases nitratase activity were observed with casein hydrolysate 
media. 


7) 


(a) 
A+B 
n o 
Hours 
Fic. 1.—Variation nitratase activity with age anaérobic cultures 1433 tryptic meat 
broth. 


(a) Growth curves. (b) Nitratase activity. (c) Total nitratase activity cultures. 
Adapted cells. (B) Unadapted cells. 


The data presented Table show the influence cell concentration and 
presence per cent casein hydrolysate upon the production nitratase 
activity unadapted cells with and without nitrate. With heavy inoculum 
there was significant production nitratase the absence nitrate, with 
without casein hydrolysate. the other haud, small inocula produced con- 
siderable nitratase with the casein hydrolysate alone. 

thus appeared possible that the extent nitratase production without 
nitrate unadapted cells might dependent the amino-acid concentration 
per cell, and further experiments were designed test this possibility. 


= 


Influence concentration per cell the production nitratase without 
nitrate. 


series media were prepared containing varying concentrations casein 
hydrolysate. These media were inoculated with varying concentrations 
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I.—The Influence Inoculum Size, Casein Hydrolysate and Nitrate 
upon the Production Nitratase Activity. 

Tube containing Nitratase activit 

hydrolysate. nitrate. dry 


Initial nitratase activity 


All tubes contained phosphate buffer (pH 7-2), glucose, and 
Tubes were incubated anaérobically 35° for hours. 


unadapted cells, ranging from 2000 and incubated an- 
aérobically 35° for standard period one hour. 

The extent growth varied considerably throughout the series cultures. 
With inocula growth occurred all tubes except those containing 
added N-source. The increase cell mass varied with the concentration 
casein hydrolysate, the maximum observed resulting two-to-three-fold 
increase opacity the highest concentration casein hydrolysate. With 
given medium the extent growth decreased with increase inoculum size. 
Increases opacity from inocula 1000 were rarely observed, whilst 
only one occasion was increase opacity found with inoculum 
2000 decrease opacity was usually observed all media receiving 
these large inocula. 

The results typical experiment are illustrated Fig. there 
was some variation results between several series, all showed the same charac- 
teristic dependence the extent nitratase production without nitrate upon 
both the concentration casein hydrolysate the medium and the size the 
inoculum. From the nature the curves, appears possible that with higher 
concentrations casein hydrolysate than those employed, even the largest inocula 
used would attain maximal nitratase activity the same order that found 
for inocula Maximal nitratase activities, the range 
were consistently obtained from inocula with concentrations 
casein hydrolysate the range 1-5 per cent. 

has been shown that washed suspensions cereus produce 
considerable adaptive penicillinase response the presence concentrations 
appeared possible that the marked production nitratase without added nitrate 
might due undetectable concentrations nitrate the medium. Fig. 
and illustrate experiments which inocula 1000 were incubated 
washed suspensions and casein hydrolysate medium respectively, with varying 
concentrations nitrate. both cases very small concentrations added 
nitrate caused considerable stimulation nitratase production. Conclusions 
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a 


Micromol. nitrite per hr. per mg. cells 


Concentration casein hydrolysate per cent 


activity developed unadapted cells without nitrate with concentration 


casein hydrolysate and inoculum size. 


(A) Inoculum (B) Inoculum 100 (c) Inoculum 200 


Micromol. nitrite per hr. per cells 


=> 


2000 M/1000 
Concentration nitrate 
Fic. 3.—Influence nitrate concentration upon nitratase production washed suspension. 
suspensions phosphate buffer (pH 7-2), glucose, m/1200 and 
2000 stock solution were incubated anaérobically 35° for hour. 
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Activity untreated control cells 
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M/2000 M/1000 M/500 


Concentration nitrate 


Fic. 4.—Influence nitrate concentration upon nitratase production 0-4 per cent casein 
hydrolysate medium. incubation, hour. 


drawn from the experiments done determine the influence amino-acid 


concentration per cell upon nitratase production are, therefore, open 
the possible objection that the observed variations nitratase activity were 
due nitrate present the media. However, assays the stock casein 
hydrolysate medium were completely negative, indicating possible maximum 
content nitrate (plus nitrite). From the nature the curves 
Fig. and highly improbable that the marked variations basal” 
nitratase production observed were due such low nitrate concentration. 
Further, experiments were performed with mixture six highly purified 
amino-acids (for composition see appendix) show that the activity the 
casein hydrolysate medium was due the amino-acids contained therein, rather 
than traces other factors. Making allowance for possible biological activity 
the isomers, series media were prepared contain approximately the 
same amounts total available the casein hydrolysate media. These 
media were inoculated with 50, 200 and 500 respectively unadapted 
cells, and the nitratase activities attained after anaérobic incubation 35° for 
one hour determined. The nature the curves obtained (Fig. very similar 
that curves with casein hydrolysate, although higher concentrations the 
appear have been inhibitory nitratase production. The maximal 
nitratase activities attained were the range per cent those observed 
with the casein hydrolysate media, and appeared likely that the whole the 
activity the latter could attributed the amino-acid content. mixture 
accessory growth factors (at half the concentrations previously employed 
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Micromol. nitrite per hr. per mg. cells 


Concentration amino-acid mixture per cent 


Fic. 5.—Nitratase activity developed without nitrate unadapted cells amino-acid 
(A) Inoculum (B) Inoculum 200 (c) Inoculum 500 


(Pollock and Wainwright, 1948)) had significant effect upon the development 
nitratase activity without nitrate under limiting conditions, i.e. with large 
inocula and low casein hydrolysate concentrations. 


Influence amino-acid concentration per cell wpon the development nitratase 
the presence nitrate. 


Previous studies (Pollock and Wainwright, 1948) had shown that broth, 
mixtures amino-acids, both stimulated the production nitratase with nitrate, 
and prevented marked decrease the rate adaptation with dilution the 
cell concentration. Comparative experiments were therefore made, the hope 
obtaining some indication the role nitrate the adaptation process. 

series media containing nitrate and varying concentrations 
casein hydrolysate were inoculated with unadapted cells, and the nitratase 
activities attained after anaérobic growth 35° for one hour determined. Results 
from typical experiment are summarized Fig. 

Comparison these results with those given Fig. shows the pronounced 
influence the presence nitrate upon the development nitratase activity 
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Micromol. nitrite per hr. per cells 


0:08 0-24 0-32 
Concentration casein hydrolysate per cent 


Fic. 6.—Nitratase activity developed unadapted cells with concentration casein hydrolysate 
and inoculum size the presence nitrate. 


(A) Inoculum (B) Inoculum 100 (c) Inoculum 200 
Inoculum 500 (E) Inoculum 1000 Inoculum 2000 


unadapted cells, although nitrate had significant effect upon the extent 
growth during the experimental period with all levels inocula tested. 

Although the maximal levels nitratase activity attained were influenced 
some extent inoculum size, the concentrations casein hydrolysate required 
for development these levels maximal activity were largely independent 
the size the inoculum. Furthermore, considerably lower concentrations 
casein hydrolysate medium were required for development the maximal 
nitratase activities with nitrate than without. Thus, using inoculum 
ug./ml. cells, the presence nitrate maximal nitratase activities were pro- 
duced with concentrations 0-08 0-15 per cent casein hydrolysate, whilst 
without nitrate, concentrations 1-5 per cent were required with higher 
cell concentrations the difference was more marked. 

The extent production nitratase activity with given inoculum was 
always higher the presence nitrate than its absence, all levels casein 
hydrolysate concentration tested. Thus, with inocula cells 
maximal nitratase activities produced with nitrate were the range values 
12, whilst corresponding values without nitrate ranged from 5-5 


the chemical nature the exogenous N-source. 
Media were prepared containing concentrations ammonium chloride 
correspond the final levels total the casein hydrolysate media. 
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50, 200 and 500 respectively unadapted cells were incubated 
anaérobically 35° for one hour. 

decrease opacity was observed all cultures, due probably the high 
salt content the media. Fig. illustrates the nitratase activities attained 


_Activity untreated control cells 


per hr. per cells 


Micromol. nitrite 


M/5 


Concentration NH, 


7.—Production nitratase activity without nitrate with ammonium chloride concentration. 
(A) Inoculum (B) Inoculum 200 (c) Inoculum 500 


these cultures. Ammonium chloride could not replace preformed amino-acid 
the production nitratase without nitrate, and appeared toxic high 
concentrations the enzyme. 


Influence other factors. 


appeared possible that the influence nitrate upon the development 
nitratase activity could ascribed its known properties H-acceptor 
(Stickland, 1931). However, other known H-acceptors (sodium tetrathionate 
and sodium fumarate) were found have significant influence upon the 
development nitratase activity, with without nitrate, inocula 1000 
ug./ml. cells. Fig. illustrates experiment which the nitratase activities 
attained after anaérobic incubation for hour casein hydrolysate supplemented 
with nitrate and/or M/50 fumarate (pH 7-2) were compared. 

The influence glucose concentration upon the development nitratase 
activity, with and without nitrate, illustrated Fig. The concentrations 
casein hydrolysate medium used were those for which near-maximal nitratase 
activities were developed with glucose and inocula cells. 
With nitrate lower casein hydrolysate concentrations stimulation glucose 
was, expected, marked (Fig. However, the high concentrations 
casein hydrolysate the stimulatory effect glucose was slight (Fig. 9b). Further, 
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Fic. 8.—Influence nitrate and fumarate development nitrate activity with 0-8 per cent bolite 
casein hydrolysate. 
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9.—Influence glucose concentration development nitratase activity penici 
(a) 0-08 per cent casein hydrolysate with nitrate. 
(b) 0-5 per cent casein hydrolysate without nitrate. systen 
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the concentration glucose causing maximal stimulation nitratase production 
without nitrate was independent inoculum size. 

Omission the mixture phosphate buffer, MgSO, and stock had 
significant effect upon the production nitratase activity without 
nitrate from inocula 200 cells, less, with 0-5 per cent casein 
hydrolysate. 


DISCUSSION. 


These results show that under certain conditions Bact. coli 1433” can 
produce considerable nitratase activity, the absence detectable nitrate. 
Although has not been possible show the basal enzyme identical 
with that formed the presence nitrate, there evidence suggesting 
differences between them. 

would appear that the prime factor determining the extent basal 
nitratase production the amino-acid concentration per cell (Fig. 2), and that 
when this concentration sufficiently high, almost much nitratase may 
formed without nitrate its presence. With nitrate, however, appears 
the absolute concentration amino-acids which largely determines the 
extent nitratase production (Fig. 6). The decrease maximal activity 
attained with increase inoculum size does not appear influenced 
amino-acid concentration, increase the latter over the range 0-15 1-5 
per cent casein hydrolysate has significant effect, and may due limiting 
concentrations glucose per cell (Fig. 9a) the accumulation toxic meta- 
bolites—in particular nitrite. 

Short growth periods hour) are considerable importance the demon- 
stration extensive formation nitratase without nitrate. Maximal nitratase 
activity attained approximately the end the lag phase, and the activity 
subsequently falls fairly rapidly, whilst there significant further increase 
the total nitratase activity the culture (Fig. the nitratase activity 
older cells (15 hours) from cultures without nitrate relatively low 
whatever the growth conditions (Pollock, 1946). this connection 
interest that data presented Hegarty (1939) suggest that young cells hours) 
Streptococcus lactis from nutrient peptone media containing added sucrose 
possess significant saccharase activity, whilst older cells (12 hours) require 
period adaptation before showing detectable activity fermenting this sugar. 

Amongst other factors involved the formation adaptive enzymes, 
appears that the nature and amount available for protein synthesis 
great importance. When the supply amino-acids per cell reduced limiting 
amounts, through growth and metabolism, increase inoculum size, the 
necessity synthesis from ammonium salts, the extent nitratase 
production markedly reduced. 

also appears that the presence substrate alters the nitratase-forming 
such that (a) limiting amounts amino-acids are more efficiently 
utilized the formation specific adaptive enzymes, and (b) the amount 
nitratase produced determined the absolute concentration amino-acids 
than the concentration per cell. Further, the results obtained with the 
penicillinase (Pollock, unpublished experiments) and the nitratase 
system (Fig. and show that this directive influence upon the amino-acid 
metabolism the cell can effected very small concentrations substrate, 
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although highly improbable that the observed variations basal nitratase 
can attributed the presence traces nitrate. Monod (1949) has postu- 
lated that the function the substrate the adaptation process stabilize 
unstable enzyme normally formed the absence specific substrate, but 
the case the nitratase Bact. coli least this highly improbable. Almost 
much nitratase may formed the absence detectable nitrate its 
presence, and, once formed, the enzyme apparently completely stable during 
growth nitrate-free media (Wainwright and Pollock, 1949). 


SUMMARY. 


Considerable increases activity the adaptive nitratase system Bact. 
coli 1433 were produced casein hydrolysate media containing detectable 
nitrate nitrite. The effect the media could almost entirely ascribed 
the amino-acid content. 

The extent development nitratase activity without nitrate was dependent 
the amino-acid concentration per cell. 

Maximal nitratase activities produced with nitrate were higher than those 
developed the absence nitrate, whilst the concentrations casein hydro- 
lysate necessary for development maximal nitratase activity were very con- 
siderably reduced the presence nitrate. 

Small concentrations nitrate were sufficient stimulate greatly the pro- 
duction nitratase activity. 

Ammonium chloride the same concentration total could not replace 
preformed amino-acids the marked production basal nitratase. 


greatly indebted Dr. Pollock for his valuable advice and 
criticism, and for permission quote unpublished work. Thanks are also due 
Mr. Edwards for helpful advice. 


APPENDIX. 


Amino-Acid Mixture Tested for Activity the Development Nitratase Activity without 
Nitrate. 
Concentration. 
dl. Alanine (synth.) 
dl. Aspartic acid (synth. 
dl: Glutamic acid (synth.) 
dl. Leucine (synth.) 


Arginine monohydrochlor ide 
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(1940) was probably the first give clear definition the term 
paraproteinaemia, which defined the circulating abnormal proteins 
the blood. created the term for cases plasmacytoma, but soon was 
applied also other diseases with pronounced blood protein disturbances. 
Thus sometimes became difficult clearly differentiate between dysproteinaemia 
with mere quantitative changes the different components the blood protein 
pattern and paraproteinaemia with the development qualitatively abnormal 
proteins the circulation. avoid undue generalization the term para- 
proteinaemia Randerath (1948) holds that the essential idea paraproteinaemia 
must not lost, and suggests that there should only talk paraproteinosis 
when there accumulation paraproteins the tissues. 

With the ordinary physico-chemical methods protein chemistry, often 
difficult separate abnormal proteins from the normal plasma-proteins. There- 
fore considered might useful make some immunological investigations 
paraproteins, which first confined that disease, showing the most 
pronounced protein disturbances, i.e. plasmacytoma. 

The earlier immunological research with regard plasmacytoma was exclu- 
sively concerned with the Bence-Jones’ protein. early 1911 Massini 
distinguished serologically the Bence-Jones’ protein from normal serum 
proteins. means complement-fixation tests demonstrated that 
anti-Bence-Jones rabbit serum reacts specifically with the homologous Bence- 
Jones’ protein far greater dilutions than with normal serum. These conclusions 
were confirmed first Bayne-Jones and Wilson (1922), and later Hektoen 
and Welker (1940), and carried stage further, they were able means 
precipitation tests, complement-fixation tests and anaphylactic experiments 
give clear proof serological differences between Bence-Jones’ protein and serum 
protein. Crystalline Bence-Jones’ preparations consistently proved 
simple antigen non-crystalline Bence-Jones’ preparations contained traces 
serum proteins, which could, however, easily eliminated absorption. 
using Bence-Jones’ protein preparations different patients was proved that 
there existed least two serologically different Bence-Jones’ proteins. Lately 
Moore, Kabat and Gutman (1943) demonstrated Bence-Jones’ proteins the 
serum three plasmacytoma patients. The authors immunized rabbits with 
Bence-Jones’ preparations from urine, and absorbed the anti-sera with normal 
proteins. With these absorbed sera they were able demonstrate consis- 
tently the presence Bence-Jones’ proteins the patients’ sera. 
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The following report our immunological experiments cases 
plasmacytoma. 


EXPERIMENTAL. 
(a) Immunological methods. 


Our own investigations cover cases plasmacytoma which were observed 
between November, 1948, and February, 1950. The globulins the patients’ 
sera were precipitated the cold with methanol 6-8, using the Pillemer- 
Hutchinson (1945) technique. They were then separated off and dissolved 
much saline give 1-8 per cent globulin solution, which was some cases 
filtered through Seitz-EK-filter and stored other cases the globulin 
solutions were kept frozen The rabbits were immunized follows: 
Some the animals were given globulin solution intravenously 
three four times others were given c.c. globulin solution intra- 
venously once week cases subcutaneous globulin deposits consisting 
c.c. globulin solution c.c. thick warm sago jelly were injected. 
least three animals were immunized each plasmacytoma case. Normally 
after three four series, but some cases only after five six series, the animals 
had formed highly titred precipitating antisera. titrating concentrated 
rabbit sera against antigen dilutions they reached average titre 1/1000 
1/10,000. The animals with the most potent sera were bled. The sera were 
then Seitz-filtered and stored 4°C. kept frozen. Immediately before the 
experiments the concentrated sera were titrated against dilution series 
highly concentrated globulin solution prepared from pooled normal sera. After 
determining the optimum proportion between antigen and antibody the sera 
were absorbed with slight excess normal globulins. The absorption was 
started room temperature for about two hours and then for about four hours 
4°C. After that was seldom necessary repeat the absorption. The 
absorbed rabbit sera were tested again against the homologous antigen, and 
checked with normal sera. 

the first four cases was impossible absorb totally the anti-globulin 
anti-bodies with normal serum globulins; after several intensive absorptions 
with normal serum globulins room temperature and even the cold, the 
rabbit anti-sera were still reacting strongly with the homologous antigen. 
Case the absorbed rabbit sera precipitated not only the homologous antigen, 
but also batch patients’ sera kept frozen until the tests were made. the 
other three cases the original sera were unfortunately not stored. The antisera 
No. reacted only with their homologous antigen cross-reactions between 
the four positive and the six negative cases did not occur. The absorbed sera 
and were only tested against antigen there was positive reaction. 
The absorbed sera and did not react against 2«-globulin, and 2y- 
globulin plasmacytoma, which could not, for lack sufficient serum, used for 
immunization tests. The absorbed sera and did not react against normal 
sera and not-selected patients’ sera. The reactions were strictly confined 
the homologous antigen. was interesting note that the absorbed antisera 
and reacted only with their homologous serum globulin, but not with Bence- 
Jones’ protein the urine the same patients. Cases and there was 
Bence-Jones’ protein the patients’ urine. 
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(b) Physico-chemical methods. 


Electrophoresis was carried out conventional processes (Tiselius-Philpot- 
Svensons). The buffer system used was sodium veronal/sodium acetate/hydro- 
chioric acid the was 7-9, the temperature the potential 
gradient was 3-61 3-79 volts per cm. and the ionic strength was 0-1. All 
the sera were dialyzed against buffer for least hours. The diagrams show 
descending boundaries moving from right left. Ultraviolet absorption was 
measured Beckman Quartz Spectrophotometer, Model DU. Extinction 
coefficients are plotted ordinates and wave lengths abscissae. The 
quartz cuvettes were 1-00 cm. thick. 


Fic. 1.—-Electrophoretic patterns Rabbit No. 2218 before and after immunization 
with 


Before After 
immunization. immunization. 
Total protein per cent 6-1 
Albumin rel per cent 

rel per cent 
Globulins< 


Serum content. 


4- 


comparison the two electrophoretic patterns Fig. shows that the 
successful immunization rabbit with cannot detected increase 
y-globulin. The slight differences which are found the concentration 
y-globulin before and after immunization remain within legitimate margins 
error. Our control was not restricted single rabbits like No. 2218, showing 
high antibody titre, but was also carried out with pooled sera batches 
rabbits, which were previously immunized with y-globulins. attempt 
carry further the characterization antibody sera measured their ultra- 
violet absorption and compared with that the antigens. electrophoresis 
had already shown that the protein composition human and rabbit sera was 
very similar, were not surprised find that the extinction coefficients rabbit 
sera were the same order those found with human sera under physiological 
conditions (Loeffler, Wunderly and Wuhrmann, 1949). reasonable assume 
that the concentration the chromophore amino-acids like tryptophane, tyro- 
sine and phenylalanin are almost equal. containing per cent 
y-globulin shows much higher specific absorption than whole serum, because 
there albumin with less chromophoric groups. The specific absorption 
containing besides per cent per cent «-globulin and 
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cent y-globulin somewhat reduced, because the important lipoprotein 
component has low absorption. The proteins were dissolved for measurement 
containing paraprotein was not any way different from such isolated 
from sera containing paraprotein. 


RESULTS AND DISCUSSION. 


goes without saying that the case such experiments there are many 
points considered before unequivocal conclusions can arrived at. One 
the first difficulties the conservation the globulin solutions and the rabbit 
sera for longer periods. dealt with this problem the Seitz-filtration 
method the one hand and freezing the other. The four positive results 
were reached with Seitz-filtered globulin solutions. order exclude the 
possibility the antigen structure being changed Seitz filtration, filtered 
batch globulin solution prepared from normal serum, immunized three 
rabbits, absorbed the rabbit anti-sera with unfiltered normal globulins and tested 
against the homologous antigen. The result was negative: And what 
more, the only case plasmacytoma where this test was made the absorbed 
anti-serum not only showed strongly positive reaction with the homologous 
globulin solution, but also with the patients’ serum, from which the globulin 
solution had been prepared. 

further difficulty lies the question the group- and individual specificities 
the normal human blood proteins. Cumley and Irwin (1943) claimed have 
found least four serum factors cross test with absorbed rabbit antisera. 
With these sera they were able distinguish serologically eight healthy individuals 
from one another. Goldberg and Gara (1948), however, subsequent 
examination smaller scale, could not confirm these findings. order, 
however, exclude disturbances this respect used only pooled globulin 
solutions prepared from more different sera for the absorption. 

view these facts consider have given clear serological proof 
paraproteins the four above-mentioned cases 

The lack any kind cross reaction certainly most remarkable. These 
abnormal proteins, far the limited material our disposal permits the 
conclusion, are strictly individual-specific. They are neither group-specific 
the sense Cumley and Irwin (1943), nor specific for the disease—a fact which 
excludes any usefulness this method for the diagnosis plasmacytoma. 
Another striking point that the positive results are confined 
cases. none the five y-myeloma cases were able find any evidence 
the presence paraproteins. This may perhaps biochemical parallel 
the increased malignancy the plasmacytoma the compared with 
those the series determined and demonstrated Wuhrmann, Wunderly 
and Hugentobler (1949) the basis myeloma cases. this connection 
mention should made the remarkable fact that the morphological character 
the cells between the wholly unripe and atypical plasma cells 
found with the rare «-globulin plasmacytoma cases, and the ripe and typical 
cells which are characteristic y-plasmacytoma cases. Owing the 
fact that «-plasmacytoma are rare, unfortunately had none our disposal 
for immunizing purposes. view the similar behaviour the and 
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globulins known various diseases, similar positive reaction both forms 
plasmacytoma might expected. Compare Wuhrmann, Wunderly, Hugen- 
tobler and Nicola (1950), well Wunderly, Wuhrmann, Karrer and Jean- 
neret (1950). addition may interesting note that the results our 
precipitation tests did not enable establish any connection between the 
absence the presence Bence Jones’ protein our cases myeloma. 

One the most difficult problems such work avoid any denaturation 
proteins during the fractioning process. That the careful methanol fractioning 
method did not result denaturation the proteins clearly demonstrated 
Case which the anti precipitated not only with the homologous 
antigen, but also with the patients’ serum. did not appear advisable purify 
the any further, thereby some material would inevitably have been 
lost and the danger the lipoproteins being denatured would have been increased. 
was imperative avoid the latter, comparison the chemical qualities 
and y-globulins will readily show that the lipoprotein content the former 
one the principal characteristics. Oncley, Scatchard and Brown (1947) 
determined ultracentrifugation, there are the normal human 
serum with the molecular weights 90,000, 500,000 1,000,000, well 
lipoprotein about 1,300,000, the fraction being therefore highly 
heterodispersive. The lipoprotein has lipoid content about per cent, 
against the dry weight protein (Oncley, Melin, Cameron, Richert and Diamond, 
1946), density 1-04 (protein, dry about 1-33) and the molecules have exactly 
spherical forms (Gofman, Lindgrew and Elliot, 1949). These qualities show 
that lipoprotein clearly differs structure from the other constituent parts 
the well from the y-globulins. The difference greater than 
between pseudo-globulin and but these two fractions could 
distinguished serologically, the same may apply lipoprotein the one hand 
and the other constituent parts the other. The molecular size 
lipoprotein, 19-1 19-5 units (Pedersen, 1945), with its high number 
determinant groups, clearly corresponds its high antigen activity. Some data 
about serum-albumin and thyroglobulin may serve comparison. The mole- 
cular weight serum-albumin 70,000, and valency for antibody 
while thyroglobulin has molecular weight 650,000 and valence (Boyd, 
1947). Thus the maximum number antibody-globulin molecules which can 
combine with lipoprotein molecule must considerably higher. the 
lipoproteins showing antigen activity would mention the Wassermann antigen, 
which, according Fiirth and Kabat (1941), attached tissue lipoprotein. 
definite macro-molecular lipoprotein was also isolated the lung 
(Chargaff, Moore and Bendick, 1942), which besides having thrombo-plastic 
activity, showed definite antigen activity. Another fact the considerable 
increase the protein solutions injected into the rabbits. The 
concentration the normal serum ranges from 0-58 1-00 per 
the same total protein content, fact which greatly improves their antigen 
activity. The same may said the protein solutions the y-globulin-plasma- 
cytoma cases but there was impossible find any evidence paraproteins 
all cases. must remembered that y-globulins well are 
composed molecules with sedimentation rate between and units. 
Neither these protein fractions contains lipoprotein components. were 
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unable technically measure the proportion single globulin-protein and lipo- 
protein the concentrated solutions our myeloma sera therefore 
were not able state whether which the two components increases 
case disease. Provided there one-sided increase lipoprotein, may 
assumed that considerable antigen activity also emanates from part the 
larger molecules. The individual specificity paraproteins, proved 
every one our cases, shows that, besides the change the physico-chemical 
qualities, the structural arrangements the determinant groups different 
every case. 

expected that the immunological method described will enable 
detect paraproteins other diseases. But soon finds its limits the 
relatively slight possibility differentiating complex antigens hetero-immuni- 
zation, thereby the strong species-specific-determinants, according the prin- 
ciples the competition antigens, suppress weak group- individual specific 
determinants wholly least part. 


SUMMARY. 


Our report covers experiments concerning the immunological determination 
paraproteins the sera cases plasmacytoma. immunized rabbits 
with concentrated globulins prepared from the patients’ sera. The highly titred 
precipitating rabbit sera were absorbed with normal globulins and tested against 
the homologous antigen and globulin solutions other cases plasmacytoma 


well normal globulins. four cases plasmacytoma 
found, after intensive absorption, distinct positive reactions, which were confined 
the homologous antigen. one case plasmacytoma, where 
the immunization could not effected for longer time, well 
cases y-globulin plasmacytoma, the reactions with the homologous antigen 
were negative. Cross reactions between the different plasmacytoma cases did 
not occur, nor did find any connection with the absence the presence 
urinary Bence-Jones protein our cases. 


are most deeply grateful for the support given this work the Foun- 
dation for Scientific Research the University Our hearty thanks 
Prof. Rothlin and Dr. Undritz Sandoz, Basle, for placing the rabbits 
our disposal. 
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the spring and summer 1948 small outbreaks encephalitis man 
were reported from several districts Czechoslovakia. number apparently 
identical strains virus were isolated from samples blood and cerebrospinal 
fluid Dr. Gallia the State Hygiene Laboratory, Prague. Three accidental 
infections laboratory workers occurred during these investigations (Gallia, 
Rampas and Hollender, 1949). Observations the field suggested that infection 
was spread ticks. Since the properties the newly-isolated virus were similar 
those louping-ill virus, appeared necessary find out whether the two 
viruses were related. strain the Czech virus was brought this country 
Dr. Andrewes, and indebted him for the opportunity examine 
it. After preliminary tests, which showed the new virus fully neutralized 
louping-ill immune sera, fuller investigation was undertaken determine 
more exactly its relationship the two closely related viruses louping-ill and 
Russian spring-summer encephalitis. 


Pathogenicity for Mice. 


Gallia and his collaborators (1949) found the mouse the only laboratory 
animal susceptible infection the virus they isolated. Using the Stillerova” 
strain virus, obtained from Dr. Gallia, their findings mice have been confirmed 
this laboratory. Signs encephalitis, resulting from the intracerebral inocu- 
lation large amount virus, developed after incubation period days. 
The mice rapidly died, and suspensions their brains had average 
titre Contact infection was noted when healthy mice were housed 
the same box infected mice. The peripheral inoculation even small amounts 
virus caused encephalitis. All group mice, inoculated subcutaneously 
with dilution infected brain suspension, died. these respects the 
virus behaved similarly the virus Russian spring-summer encephalitis, 
except that contact infection has not been noted with the latter (Casals and 
Webster, 1944). With louping-ill virus, the other hand, the incubation period 
slightly longer, the average titre infected brain suspensions about 
ten-fold less, and fatal encephalitis only develops occasionally after the sub- 
cutaneous inoculation even large amounts virus. Contact infection was 
described Alston and Gibson (1931), who were among the first study 
louping-ill mice, but has not been noted subsequent investigators. 
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Serological Investigations. 
tests. 


There were available convalescent sera from two patients, who had become 
infected the laboratory with the Czech encephalitis virus, and from one patient 
who had had louping-ill year previously, and also sera from two sheep, hyper- 
immunized repeated injections louping-ill virus. Neutralization 
were carried out with sera inactivated 56° for min., using the technique 
described previously (Edward, 1948, 1949). The results several experiments 
are summarized Table Unfortunately, owing non-specific deaths among 
the mice and instances where the dilutions tested did not adequately cover the 
end-points the titrations, the determination some the neutralization 
indices was only approximate. Details part one such experiment are given 
Table II. can concluded that the three viruses, Czech encephalitis, 
louping-ill and Russian spring-summer, are neutralized approximately the same 
degree both the louping-ill and Czech encephalitis immune sera. 


Complement-fixation tests. 


The sera were examined for their ability fix complement with antigens 
prepared from the three viruses. The tests were carried out the method 
described Casals Palacios (1941), using antigens infected mouse brain 
suspensions, purified centrifugation after repeated freezing and thawing. The 
three louping-ill immune sera (two sheep sera and one human convalescent 
serum) fixed complement with the louping-ill and Russian spring-summer encepha- 
litis antigens, but not with the Czech encephalitis antigen the other 
hand, the two sera from patients convalescent from Czech encephalitis fixed 
complement with all three antigens. The antigenicity the preparation 
Czech encephalitis virus was shown its ability fix complement the presence 
its homologous thus its inability produce fixation with any 
the louping-ill antisera may significant. 


Protection Tests. 
Intraperitoneal challenge. 


The serological investigation had demonstrated the antigenic similarity 
the three viruses, and was therefore expected that immunized mice would show 
protection against both homologous and heterologous viruses when challenged 
the intraperitoneal route. Groups mice were inoculated with vaccines 
prepared from each the three viruses inactivating per cent suspensions 
infected mouse brains with 0-25 per cent formalin; one dose 0-2 ml. 
vaccine was followed one week later second dose ml. The mice were 
challenged days after the second dose the intraperitoneal inoculation 
ml. dilutions virus. Vaccination against Czech encephalitis produced 
almost complete protection against all three viruses (Table III). Vaccination 
against louping-ill was completely effective against the homologous virus, but 
the protection was incomplete against both the heterologous viruses, possibly 
owing their greater virulence. The Russian spring-summer encephalitis 
vaccine did not provide such good protection, but the immunity was the same 
against each the viruses. 
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These results confirm the findings Casals and Webster (1944), who first 
demonstrated the close antigenic similarity between louping-ill and Russian 
spring-summer encephalitis viruses. Casals (1944), however, later claimed that 
difference between these viruses could revealed the intracerebral challenge 
immunized mice. immunized mice first with formolized vaccines, followed 
repeated inoculations with living virus, and found that they resisted the 
inoculation least 105 LD,» the homologous virus, whereas there was 
significant protection against the heterologous. was therefore hoped that 
intracerebral cross-protection tests would decide the relationship the Czech 
encephalitis virus the other two. 

the first two experiments groups mice received two weekly intra- 
peritoneal inoculations formalized vaccine, followed days later single 
intraperitoneal injection about live virus. When challenged 
three weeks later the intracerebral route, none the groups showed any 
degree protection even against the homologous virus. The second experiment 
was carried out exactly described Casals. the Ist and 3rd days the 
mice each group received 0-25 ml. formalinized vaccine 
the 12th day live virus was injected the same route, using 0-5 ml. 10-4 
dilution virulent mouse brain; ml. 10-? dilutions infected brain 
were similarly injected the 16th and 20th days. The mice were challenged 
the 36th day the intracerebral inoculation dilutions virus. this 
experiment also the protection afforded against the homologous virus was 
way great that obtained Casals. When challenged with louping-ill 
virus the titre was about 10-fold less each group immunized mice 
compared the non-immunized controls (Table IV). Against Czech encephalitis 
virus immunization with the homologous virus and with the Russian virus 
appeared produce 100-fold reduction the titre, and immunization with 
louping-ill virus 10-fold reduction. protection against the Russian virus 
was afforded immunization with the homologous virus itself, with 
virus, although appeared that immunization with the Czech virus reduced the 
titre 100-fold. Since the protection afforded this experiment against the homo- 
logous virus was inadequate, doubtful whether the small differences 
titre are significant. 


Resistance Naturally Immune Mice Intracerebral Challenge. 


satisfactory explanation could offered why there was failure obtain 
the degree immunity described Casals. view the findings, however, 
appeared necessary determine whether mice, naturally immune after recovery 
from infection, develop any resistance virus inoculated into the brain. 
high proportion mice, inoculated intraperitoneally with louping-ill virus, 
usually survive. Survivors were investigated discover whether they had been 
actually infected, and whether resistance intracerebral inoculation was 
developed. 

The rectal temperatures mice were recorded twice daily after intra- 
peritoneal inoculation with more than 100 louping-ill virus. Although 
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three control uninoculated mice showed rise temperature, the temperatures 
all the inoculated mice rose above between the 3rd and 5th 
Three mice survived, although they had shown the same degree pyrexia the 
others. Two them were later challenged intracerebral inoculation with 
louping-ill virus; both died. another experiment mice were 
hours later ml. the serum horse, hyperimmunized against louping- 
ill. group mice received the serum one hour before the virus, and 
third control group had virus only. Four the five controls died, whereas 
all the mice which had received serum survived. The injection hyper-immune 
serum, days after infection, but before the stage viraemia, could therefore 
prevent the secondary involvement the brain. the surviving mice this 
experiment, when finally challenged with intracerebral injection 600 LD,, 
virus, died. 

group mice were inoculated intraperitoneally with about 6000 LD,, 
louping-ill virus. Three days later blood samples from the mice were 
injected intraperitoneally into other mice test for virus. Virus was demon- 
strated the blood mice, including which survived. Altogether the 
mice survived after weeks they were bled, and their sera were tested for 
neutralizing antibodies. Owing their small volume each the sera had 
diluted with approximately equal volume normal serum. Three the 
diluted sera neutralized virus the fourth, obtained from mouse 
whose blood virus had not been demonstrated, had neutralizing activity. 
There were another survivors from the whole group originally inoculated 
the end weeks these were divided into two groups, which were injected 
intraperitoneally with 300 and the Czech encephalitis virus. Only 
one animal died, whereas all except one mouse died among two groups normal 
mice, similarly injected. The surviving mice, thus shown have developed 
immunity the intraperitoneal inoculation Czech virus result louping- 
ill infection, were finally tested for their ability resist the direct inoculation 
louping-ill virus into the brain. They proved equally susceptible 
normal mice, the end-points titrations virus the experimental and control 
groups being the same. However, two the immune mice, which developed 
encephalitis, improved and survived the experiment with residual limb paralysis. 
normal mice encephalitis always progressive and fatal. 

The following conclusions can apparently drawn from these 
Firstly, nearly all mice inoculated intraperitoneally with these viruses, became 
infected. Invasion the brain, followed encephalitis and death, was usual 
with the Russian and Czech viruses. Louping-ill virus only traversed the blood- 
brain barrier some animals. Evidence infection the mice which survived 
was provided the occurrence pyrexia, the appearance virus the blood 
and the development neutralizing antibodies, accompanied immunity 
against the subsequent intraperitoneal injection the more virulent Czech virus. 
Secondly, spite recovery from infection and the development natural 
immunity mice did not acquire resistance against the fatal effects 
virus, injected directly into the brain. This probably resulted from failure 
circulating antibodies reach the brain. After encephalitis had developed 
antibody could pass the blood-brain barrier was thus possible for extension 
the infection combated, and for occasional animal survive. 
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DISCUSSION. 


This investigation the encephalitis virus recently isolated Czechoslovakia 
and the viruses louping-ill and Russian spring-summer encephalitis has 
failed reveal antigenic differences greater than might expected between 
different strains the same virus. All three viruses were pathogenic for mice 
this animal the Czech virus behaved similarly Russian encephalitis virus, 
but differed several respects from louping-ill virus. These differences also, 
however, were not greater than might encountered between different strains 
the same virus. Moreover, only single strain louping-ill virus, which had 
been maintained for years artificial passage, was studied. Another difference 
between the Czech and louping-ill viruses was that infection developing chick 
embryos the former was not fatal (Gallia—personal communication), whereas 
infection with louping-ill virus was lethal (Edward, 1947). Clinically and 
epidemiologically Czech encephalitis more closely resembled louping-ill. man 
both viruses have caused infections which were characteristically biphasic. The 
recent isolation Czechoslovakia virus, identical with that causing encepha- 
litis, from the field tick Ixodes ricinus (Rampas and Gallia, 1949) suggests that 
the vector the same that louping-ill. The vector the virus Russian 
spring-summer encephalitis believed the wood tick, Ixodes persulcatus. 

There have been several reports the Far Eastern type encephalitis 
occurring the western part the and virus was isolated from the tick 
Ixodes ricinus. Silber and Shubladze (1944) believed the disease louping-ill 
and not Russian spring-summer encephalitis. studied the strain virus, 
isolated from ticks, sheep and were the opinion that resembled 
louping-ill virus and was distinct from the Russian Far-Eastern encephalitis 
virus. would interesting determine the relationship this virus that 
isolated Czechoslovakia. were the same would suggest the possibility 
that this type encephalitis virus fairly widely distributed Eastern Europe. 

conclude, the evidence seems suggest that the viruses 
Russian spring-summer encephalitis and Czech encephalitis are closely related, 
and may grouped together the same way that certain other encephalitis 
viruses, which resemble each other, have recently been classified together the 
encephalomyocarditis group. Differing epidemiological behaviour may indicate 
intrinsic differences between the viruses, may merely result from the environ- 
mental conditions, which differ the areas where each virus occurs. 


SUMMARY. 


virus, recently isolated Czechoslovakia from outbreaks encephalitis 
man, was compared with louping-ill and Russian spring-summer encephalitis 
viruses. 

The three viruses were pathogenic for mice this animal the behaviour 
the Czech virus was similar that Russian virus and different from louping-ill 
virus. 

Immune sera against louping-ill and Czech viruses neutralized all three 
approximately the same degree. Czech antisera fixed complement 
the presence each virus, but louping-ill antisera failed fix complement with 
Czech virus. 
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intraperitoneal cross-protection experiments vaccination against one virus 
afforded protection against the other two. Using intracerebral challenge, 
vaccination with inactivated virus followed living virus produced significant 
protection even against homologous virus. 

After intraperitoneal inoculation with louping-ill virus many mice became 
infected, but did not die. spite developing natural immunity the survivors 
did not acquire resistance against virus injected directly into the brain. 


indebted the late Dr. Gallia, the State Hygiene Laboratory, 
Prague, for supplying with the virus and sera, and for kindly informing 
the results his investigation. also wish thank Dr. Andrewes, 
for his advice. 
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THE LIPIDS FOETAL AND NEONATAL LUNGS. 
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THE lungs foetuses and infants, histological examination, are found 
contain various quantities fat. This fat may exogenous endogenous 
origin. foetuses and the newly born the exogenous fat arises from inspiration 
vernix caseosa. older infants arises from inhalation vomitus food. 
Endogenous fat occurs lungs association with inflammation and liberated 
disintegration the cells the exudate. The object this paper inves- 
tigate the nature and behaviour these exogenous and endogenous. fats. The 
term fat used here mean lipid, which histologically visible. 

Fat present lungs showing inflammation considered exogenous 
origin. foetuses and recently born infants this derived from vernix. 
the first part this paper evidence brought show that exogenous lipid 
absorbed the lungs. This evidence three kinds, histological, histochemical 
and statistical. First, histological: third the lungs fat globules are 
present the bronchiolar epithelium and cells lining the air spaces, condition 
similar that found the intestinal epithelium alimentary fat absorption. 
Second, histochemical: although vernix lipid contains high proportion 
acetone soluble lipid (neutral fat and cholesterol) the Schultz reaction for 
cholesterol negative two-thirds these lungs, suggesting that them the 
cholesterol had been removed. Third, statistical: estimate the quantity 
and nature the exogenous lipid these lungs require know (a) the total 
quantity lipid present the tissue and the proportions the constituents, 
and (b) the amount and composition lipid present the normal lung (this 
lipid is, course, not visible.) The inhaled lipid the lungs foetuses and the 
recently born has low content acetone soluble material and high phospho- 
lipid content, the proportions varying from lung lung. This the reverse 
the proportions the two lipid fractions vernix. Such result can 
explained the basis the absorption lipid the lung, the acetone soluble 
fraction being absorbed more readily than the phospholipid and the varying 
proportions the fractions depending the extent the absorption. Taken 
itself the statistical analysis the chemical findings must accepted with 
reserve since rests number assumptions and the group normal lungs, 
which much the later calculation depends, very small. is, however, 
supported the observation that the total quantity lipid estimated have 
been inhaled closely parallels the amount assessed microscopically. The three 
lines evidence cited above are independent, but are all consistent with the 
hypothesis that foetuses and recently born infants there absorption 
exogenous lipid. 
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lungs showing inflammation not possible chemical histological 
analysis determine how much the fat endogenous and how much exogenous, 
Using statistical techniques possible divide the series lungs into groups 
indicative the source major part the this grouping closely corres- 
ponds what might expected from histological and clinical data. 

Whereas foetuses and the newly born fat appears absorbed directly 
the cells lining the air spaces and bronchioles, older infants fat removed 
from the lung phagocytosis distinction being made between endogenous 
and exogenous lipid. 


MATERIAL AND METHODS. 


The material consisted lungs, foetal, from still-born infants, and 
from infants dying between the ages minutes and months. Within 
each the groups the cases were unselected except Cases 18, 48, and 50. 
Case 18, which microscopically contained very large amount fat, drew our 
attention the problem, and Cases 48, and 50, which were tuberculous, were 
added from interest. The lungs, removed necropsy, were placed formol 
saline per cent formaldehyde 0-9 per cent aqueous solution sodium 
chloride). Usually the whole the right lung was used for examination but, 
because their small size, both lungs were used when from foetus. few 
cases, early the collection material, only portion lung was available. 


Histological technique. 

Several blocks tissue were taken from each specimen, the number varying 
with the size the lung. Paraffin and frozen sections were prepared from these. 
The paraffin sections were stained routinely with Mayer’s haemalum and 
eosin, and the frozen sections with Sudan and haemalum the method 
Kay and Whitehead (1937). The Schultz reaction (Kay and Whitehead, 1937) 
was carried out frozen sections closely adjacent those stained Sudan IV. 
For the purpose estimating the free fat visible the lungs, hundred high-power 
fields each Sudan-stained section were examined and score 
given each field according contained fat, little, much. The 
maximum score for each section was thus 200, and the actual score, given 
percentage, termed the grade. For each case the average grade the fat seen 
the frozen sections was taken measure the free fat the air spaces 
the lung. 


Chemical technique. 

Washing and drying the pieces lung were washed 
hours water remove formalin, sodium chloride and lactic acid (see below). 
They were then frozen placing large test tubes immersed mixture 
solid carbon dioxide and ether, and then dried vacuum desiccator. The 
initial drying was done over concentrated sulphuric acid and finally the lung was 
dried vacuo over phosphorous pentoxide. The dried lung was finely ground 
mortar and, after re-drying constant weight, aliquot about was 
used for the estimation lipid. account the relatively rapid absorption 
moisture the dry lung all weighings were performed glass-stoppered 
weighing bottles. 
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dried lung, contained previously extracted soxhlet 
thimble, was extracted overnight (about hr.), with absolute alcohol followed 
three hours’ extraction with peroxide-free ether. The thimble was suspended 
through condenser about one inch above the boiling solvent. The combined 
extract was evaporated dryness water bath stream 
nitrogen and the residue was repeatedly extracted with boiling petrol ether 
(40° The petrol ether extract, after filtration, was evaporated 
weighed flask and the total lipid content the dried lung determined. 

The lipid was dissolved the minimum amount chloroform and ml. 
acetone (dried over calcium chloride) was then added followed 0-2 ml. 
magnesium chloride per cent alcoholic solution) precipitate the phospho- 
lipids. After standing for least one hour the liquid was filtered, the phospho- 
lipid precipitate washed three times with ml. acetone, and the acetone-soluble 
material determined evaporation the acetone solution weighed flask 
water bath stream nitrogen. The difference between the total fat 
and the acetone-soluble material represents the phospholipid fraction. The 
acetone-soluble fraction was taken chloroform and the solution made 
ml. Aliquots the chloroform solution were used for the estimation 
free and ester cholesterol modified method Schénheimer and Sperry 
(1934). mixture acetic anhydride and sulphuric acid was used (Shapiro, 
Lerner and Posen, 1935) and the colour that developed was read after one hour 
(Ireland, 1941). The neutral fat the difference between the acetone-soluble 
fraction and the The the sum 
the free cholesterol and cholesterol ester, calculated stearate. 

earlier experiments, not reported here, the total lipid was estimated from 
chloroform extract the alcohol and ether extracts. Petrol ether was sub- 
stituted being solvent less likely extract non-lipid substances. After 
precipitation the phospholipids was found unnecessary wash the acetone- 
soluble substance free from magnesium chloride, since the chloride not precipi- 
tated with the phospholipid was less than 0-1 per cent the acetone-soluble 
material. While investigating the washing the acetone-soluble substance 
was found that washing removed not only the small amount chloride present, 
but also acidic substance this proved lactic acid. Thus was necessary 
wash the lungs thoroughly before extraction ensure that the extract contained 
such water-soluble material. Washing overnight was insufficient. Six 
more lungs, cut into small pieces and contained separate flasks connected 
series, were washed the same time that hours’ washing caused incon- 
venience. The wash liquors were tested for chloride and formaldehyde before 
the lungs were dried. 


RESULTS. 
The results are summarized Tables IIT and IV. 


Analysis Results. 
The lipid content normal lungs foetuses and infants. 


From Tables and will seen that all the lungs, even when their micro- 
appearance normal, contain some fat free the air spaces. This true 
much larger series lungs examined microscopically, and raises the question 
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Distribution Visible Fat the Lungs Infants who have 


Inhaled Caseosa. 
Schultz reaction. 


Site. 
Positive. Negative. 
13, 16, 24, 
Fat both intra- and extracellular 


TaBLE IV.—The Distribution Visible Fat the the Older Groups 


Infants. 
Schultz reaction. 
Positive. Negative. 
36, 38, 47, 48, 
49, 
Adjacent the 30, 38, 
Intracellular exudate 
Scattered through 19, 20, 29,31, 18, 34, 35, 44, 
the lung 32, 33, 40, 
lumina 47, 
air spaces 19, 20, 28, 18, 34, 37, 
Extracellular 32, 33, 43, 
bronchiolar lumina 19, 29, 
Intra- Sub-pleural, septo- 20, 29, 32, 18, 41, 
extracellular pleural angle 43, 45, 47, 48, 
both near septum 


which lungs are considered normal. Clearly such lungs must show the 
minimum pathological abnormality Fig. scatter diagram all such 
lungs, the total lipid contents being plotted against the grade inhaled fat 
estimated microscopically. will seen that Cases group together 
the lowest part the diagram and when the grade fat exceeds per cent 
there tendency for the visible fat and lipid increase together. Hence 
grade visible fat per cent considered the maximum permissible the 
group normal lungs. Using the criteria minimum pathological abnor- 
mality, and grade visible fat per cent less, Case addition 
Cases included the normal group. The mean lipid content these 
lungs 11-95 per cent. The lipid content Case 14-63 per cent, differing 
from the mean 2-68 per cent, 2-3 times the standard deviation. may 
shown statistically, when working per cent level probability, that 
should reject the hypothesis that Cases and Case form homogeneous 
group. Hence Case has been excluded from the subsequent calculations. 
may that the two frozen sections examined determining the grade visible 
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fat the air spaces are not representative the whole tissue. The remaining 
cases give the following values for the lipid content normal lung, per 100 
dry weight 

Total lipid, 11-57 0-39 represent the standard phospho- 
lipid, 6-45 0-70 acetone-soluble fraction, 5-12 0-66 neutral fat 3-66 
0:72 g.; and total cholesterol 1-46 0-38 Whence average, the total 
lipid consists 55-75 per cent phospholipid and 44-25 per cent acetone-soluble 
material. The neutral fat constitutes 31-64 per cent and the total cholesterol 
12-61 per cent the total lipid. 


— 


S 


Cases 1-7:normal 


Total lipid dry 


Fic. scatter diagram showing the relation between the visible fat and total lipid, estimated 
chemically, the lungs the foetuses and infants Table 


Thanhauser, Benotti, Walcott and Reinstein (1939) give the phospholipid 
content human lung 6-65 per cent dry tissue. This accords well with 
our figure. Beumer (1921) gives the total lipid fresh lungs three-months 
and eight-months foetus 1-47 and 1-30 per cent respectively, with choles- 
terol content 0-188 and 0-166 respectively. Whence cholesterol constituted 
12:7 per cent the lipid compared with our figure per cent. should 
noted that the component lipids (phospholipid, neutral fat, etc.) are more 
variable amount than the total lipid. interest that the lipid content 
the lungs shows significant variation with age over the range from 
5-months foetus infant one year. This contrasts with the results 
Fauré-Fremiet and Dragiou (1923). They investigated the lipid content the 
lungs foetal sheep. The total lipid was found rise from 5-3 per cent dry 
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weight foetal age weeks 15-0 per cent weeks, and 14-53 per cent 
the lamb. 


The amount and composition the lipid the air spaces. 

Let consider the foetuses, the still-born infants and the infants dying 
days earlier, whose lungs showed inflammatory reaction (Cases 
14, 15, 16, 17, 24, 25). Table the cases this group (together with Cases 18, 


V.—The Estimated Composition Inhaled Lipid Cases which 
Approximately 100 per cent and the Total Lipid Content the Exceeds 
12-35 g./100 Dry Tissue. 


Total Inhaled Constituents inhaled lipid. Percentage composition 
Case. inhaled lipid. 


phospholipid, 


and 20) are collected whose lipid content above the normal range, i.e., 
above 12-35 per 100 dry weight tissue mean plus twice the standard 
deviation). Let supposed that every 100 dry tissue contains 
inhaled material and lung; let the percentage lipid 
lung tissue, the percentage lipid the inhaled material. Then, using 
simple algebra 


(100-2) 


where the total lipid per 100 dry tissue, 


these lungs, analyzed Table only few epithelial squames were present. 
Washing will have removed the soluble constituents amniotic fluid thus, 
first approximation, may taken 100 per cent. Substituting the value 
(11-57 per cent) found previously get 


Table the amount inhaled lipid (x) estimated using this equation. 
Whence the amount lipid 100 dry tissue accountable from lung 


whence 


The 
lipic 
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Estin 
Estin 
The lipid expressed g./100 tissue all columns except the last four. 
acetone-soluble lipid, neutral fat, and total cholesterol. 
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tissue itself, calculated Thus, from the previous estimate the 
average composition lung lipid, the amounts phospholipid, acetone-soluble 
lipid, neutral fat and cholesterol derived from lung tissue can calculated. 
Then, simple arithmetic, the amount these fractions derived from inhaled 
lipid can estimated and the percentage composition inhaled lipid calculated. 
Some the values for the lipid fraction are negative. Such result 
expected since are using average estimates, and since the coefficient variation 
these fractions the group normal lungs high. interest deter- 
mine the effect taking the variability the means the total lipid and the 
phospholipid into account. This may done calculating the per cent 
confidence limits (Tippett, 1941). These limits are summarized Tables 


(a) and 


Va.—95 per cent Confidence Limits for Total Inhaled Lipid. 


Case No. 10. 12. 13. 


Case No. 16. 17. 18. 19. 20. 


TABLE VB.—95 per cent Confidence Limits for Inhaled Phospholipid. 
Case No. 10. 12. 


Estimated inhaled 


Case No. 15. 16. 17. 
Estimated inhaled phospho- 


The correlation between the estimation the inhaled lipid and the visible fat. 


interesting compare the amount lipid estimated have been inhaled 
(x) with the amount fat visible the lungs the method rank correlation 
(Kendall, 1943, 1945). comparison made Table VI. The parallelism 
between the variables close and statistically significant, thus supporting the 
broad argument the arithmetical 


VI.—Rank Correlation Inhaled Lipid (x) with Stainable Lipid the 
Lungs Cases Table which have Inhaled Vernix Caseosa. 


12. 16. 14, 13. 15. 


I.L.R. the rank when the cases are arranged ascending order inhaled lipid (x, Table V). 
the rank when the cases are arranged ascending order grade stainable lipid. 
Since the correlation were zero the probability getting valué greater than equal 
would less than 0-01, this significant evidence positive correlation. 
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The differential absorption inhaled lipid. 

Farber and Sweet (1931) showed that all but per cent the lungs 
124 infants dying before weeks age contained amniotic débris. More recently 
Smith (1946) has reviewed the question respiration amnio and concludes 
that, most infants seem begin their extra-uterine existence with more 
less amniotic fluid their The fat lying free the air spaces the 
lungs the foetuses and born infants may, therefore, taken vernix 
caseosa. Likewise, since the fat the lungs the infants dying early has the 
same histological features stillborn infants and foetuses, i.e. consists fine 
globules lying free the air spaces, and since infants are not breast-fed the first 
day two life, probable that the fat residual inhaled vernix, which has 
not yet been removed. 

follows from Table that the greater proportion lipid the air spaces 
the lungs phospholipid and that the cholesterol content always under 
per cent the total lipid. This marked contrast with the composition 
vernix shown Table VII. vernix the phospholipid only per cent 


TaBLE VII.—Percentage Composition the Lipid Caseosa. 


Acetone-soluble Total 
Specimen. Phospholipid. Neutral fat. 


the lipid and the acetone-soluble fraction per cent with cholesterol 
per cent. The difference between the composition the lipid the air 
spaces the lung and vernix may explained the hypothesis that the 
vernix lipid absorbed from the lung differential manner, the acetone- 
soluble fraction being more readily absorbed than the phospholipid fraction. 
seems reasonable suppose that the lung normally absorbs fat, since vernix 
fat will taken into the lung with the other amniotic débris and, unless this 
considered agonal phenomenon, some mechanism for its removal 
necessary. Further, inflammatory conditions the lung both adults and 
infants (see below) fat appears the lung from tissue breakdown and the 
process resolution this must removed. 

interesting consider the ratio inhaled phospholipid total inhaled 
lipid the lungs foetuses and new-born infants Table i.e. Cases 17. 
possible, under certain conditions, set confidence limits for this ratio for 
each these cases. For Cases and any confidence interval with proba- 
bility >0-95 will have lower limit <0-11, the ratio phospholipid total 
lipid vernix fat, and hence these lungs the findings are not incompatible 
with the inhaled lipid being unaltered vernix. 

However, for Cases 15, 17, and possibly for Case can find 
per cent confidence interval, whose limit >0-11. Hence there strong 
evidence against the hypothesis that the inhaled lipid unaltered vernix. Since 
absorption active process, which death may have interrupted any point, 
the ratio phospholipid total lipid the inhaled lipid may take any value 
from 0-11 1-0 the hypothesis the preferential absorption the acetone- 
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soluble lipid true. 


hypothesis. 


Histochemical analysis. 


This independent the theoretical considerations the above argument 
and supports the conclusion that cholesterol more readily absorbed than 
phospholipid. the group foetuses and newly-born infants whose lungs 
cases give negative Schultz reaction for cholesterol, cases positive, 
weakly (12, 14, 17, 22, 23, 27), and fairly strongly positive one case 
(15). positive cases, (12, 14, 15, 17) are included Table All these 
are found the basis the arithmetical analysis, contain cholesterol the 
inhaled lipid. cases containing inhaled vernix, Table (8, 10, 11, 16) 
there little cholesterol that, using average values the calculations, 
negative amount cholesterol estimated present and these the Schultz 
reaction negative. Thus the chemical and histochemical findings are close 
agreement except Case which, although comparatively large amount 
cholesterol present, the Schultz reaction negative. Case the absolute 
amount cholesterol present small, which probably accounts for the negative 
Schultz reaction. 

Briefly, then, seems that this group cases the amount fat visible 
the lungs closely parallels the lipid estimated inhaled. supposed 
that this inhaled lipid vernix then absorption lipid must have occurred, 
the acetone-soluble component being absorbed more rapidly than, preference 
to, the phospholipid component. 


The cellular reaction lipid the lung. 


The cellular reaction the lungs analyzed previously 
contain vernix caseosa. The histological distribution the lipid these cases 
issummarized Table III. cases the fat entirely extracellular, lying 
the bronchiolar lumina the air spaces. The fat mostly present fine 
globules, occasionally larger globules, widely distributed throughout the lung 
and having special relationship the pleura septa the lung. cases 
the fat both intra- and extracellular, but all these cases the lipid the 
fixed cells the lung, not wandering cells such macrophages. cases 
lipid globules are present the columnar cells the bronchioles, shown 
Fig. globules are present both the luminar and basal sides the 
nuclei. cases lipid globules are present the cells lining the air spaces 
potential air spaces this illustrated Fig. (The term air spaces used 
mean parts the lung tree distal the columnar cell-lined bronchioles). Similar 
globules may seen the intestinal epithelium during fat absorption. 


The nature the lipid and the cellular reaction older infants. 

Cases 18, 19, and the infants are days old over, except 
34, each which died days with oesophageal stenosis and extensive 
bronchopneumonia. Most these show marked inflammatory reaction 
the lungs (18 out 29). Whilst there much free fat the air spaces many 
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Hence the greater number cases which the lower 
confidence limit exceeds 0-11, the stronger the supporting evidence for the 
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the lungs, most the fat wandering cells (macrophages), and none the 
fixed cells the tissue (bronchiolar and alveolar epithelium). 

Visible fat these lungs may arise from two sources. First, cases showing 
inflammatory reaction, much may arise from degeneration and necrcsis 
cells the exudate, e.g. the fat found the margin lung abscess (Case 38) 
the centres tubercles (Cases 48, and 50). Second, fat may aspirated 
sick infants during feeding, especially associated with nasal obstruction, 
during vomiting. the following analysis this series divided into groups 
depending which these two sources fat the more important. 


Phospholipid 


Total lipid 


Fic. 2.—The relation between the phospholipid content and the total lipid the lungs the group 
older infants. Expressed per 100 dry lung. Cases 18, 19, are numbered. 


simple arithmetical calculation can made analyzing the nature 
the visible fat the lungs most members this group since the value 
(equation unknown, probably varying with the cytological composition 
the exudate. Fig. the phospholipid content these lungs and the normal 
lungs from older infants (5, 7), plotted against the total lipid. the 
points lie within narrow zone suggesting linear relationship, except Cases 18, 
and 20, which lie below and the right the others. These three cases may 
separated from the rest the group grounds mathematical probability. 
This agreement with our histological observations. Very large amounts 
lipid are present the air spaces, partly intracellular, but much extracellular. 
The intracellular fat extensive that the cells are mostly composed lipid. 
Table that most the lipid the air spaces neutral fat and hence was 
probably aspirated. and appreciable amount the lipid phospho- 
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lipid, and little cholesterol found. The Schultz reaction positive 
few areas both and 20. Case showed also slight inflammatory 
reaction. The phospholipid and cholesterol probably arose result tissue 
breakdown associated with inflammation. 

histological grounds the lungs infants may divided into 
three groups lungs with extensive inflammation and much visible fat (28 
33); the fat often both intra- and extracellular, and sometimes produces 
xanthoma-like masses (b) shows lungs showing varying amounts inflammation 
but little fat (34 and (c) those with conspicuous macrophage reaction, 
but little inflammation and scanty fat (40 47). Comparing these groups 


Phospholipid 


Total lipid 


Fic. 3.—The lines and are the lines closest fit calculated for the groups (a), (b) and 
(c) respectively. Members group (a) are represented circles group (b) crosses 
and group (c) dots (.). 


the method covariance (Goulden, 1936) significant difference may shown 
exist between them attributable group From Fig. will seen 
that this group the lungs contain more lipid given level phospholipid 
than the other groups, indicating the presence relatively more acetone- 
soluble lipid. Such additional lipid may due inhalation food, which 
would account for the presence foamy macrophages similar those Cases 
18, 19, mean grade visible fat group (a) per cent, whereas 
groups and (c) per cent. only one case group namely 28, 
does the visible fat fall within the range the other two groups. follows 
that where fat conspicuous feature the histological picture, much 
probably exogenous. However, all the lungs group (a) the Schultz reaction 
for cholesterol positive, suggesting that all cases some the lipid derived 
tissue breakdown. 
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The distribution lipid the lungs older infants. 


This summarized Table IV. Let first consider the tuberculous lungs, 
Case fat present the caseous centres the miliary tubercles, but absent 
from the peripheral zone the epithleioid cells; fat also present some 
giant cells and macrophages situated subpleurally. Case the tubercles 
are older, being bounded well-defined zone lymphocytes 
tissue. the junction the caseous centre with this cellular capsule, there 
accumulation fat (Fig. small globules, but could not determined 
whether the fat intra- extracellular. There are areas diffuse inflammatory 
reaction these contain little fat, but most fat present near the interlobular 
septa both intra- and extracellular globules. Some intracellular fat present 
the bronchiolar lumina. Case one acute tuberculous 
There much necrosis, most the lipid being macrophages between the areas 
necrosis (Fig. 7). The necrotic areas take the Sudan stain lightly but diffusely. 
all three cases the Schultz reaction positive. Lubarsch (1928) described 
the presence fat miliary tubercles. These cases suggest that when necrosis 
occurs fat liberated and that accumulates the periphery the necrotic 
region from which taken macrophages, possibly phagocytosis, and 
then transported mostly the alveoli the periphery the lung lobules either 
under the pleura along the septa. Some finds its way into the bronchioles, 
whence may coughed up. 

similar distribution fat other forms inflammation shown Table 
IV. Nineteen cases are associated with inflammation, and these fat 
macrophages the alveoli just under the pleura, near the interlobular septa 
the septo-pleural angle (Fig. 8). Fat may also found free macrophages 
the alveoli bronchioles. Sometimes the alveoli forms xanthoma-like 
masses. the cases unassociated with inflammation fat present 
macrophages near the pleura, septa and septo-pleural angles. Cases 
and there much accumulation fat both free and intracellular globules 
the alveoli near the pleura and septa. Case there also marked de- 
position fat the pleura just outside the septo-pleural angle (Fig. 9), and 
the septa alongside the fat-filled alveoli. Most this fat intracellular. 


EXPLANATION PLATE. 


4.—Bronchiole foetus (21) showing fine droplets fat lying the cells the bron- 
chiolar epithelium. The droplets fat are black the photograph. Sudan and 
haemalum 110). 

5.—From section lung stillborn infant (22). Fine droplets fat lying within 
the cells the epithelial lining the air spaces. The droplets fat are black the 
photograph. Sudan and haemalum 110). 

Fic. 6.—A tubercle (Case 48) showing the fat the junction the central 
caseous area and the zone the epithelial cells. The fat appears black masses and 
dots the photographs. Sudan and haemalum 110). 

7.—Fat seen the phagocytes the alveoli between tubercles (Case 49). Sudan 
and haemalum 22). 

Fic. 8.—Fat seen cells the alveoli the septo-pleural angle and the alveoli lying 
adjacent the interlobular septum (Case 32). Sudan and haemalum 45). 

9.—Foamy fat-laden cells alveoli the septo-pleural angle and the adjacent pleura 

and septum. Note the cuboidal cells lining the alveoli places (Case 18). Haemalum 

and eosin 170). 
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other cases macrophage-like cells containing fat globules are present the 
septa. These cells are not conspicuous Case 18, and need looked for 
carefully. fat found the lymphatics lymph glands (except those 
showing caseation). 

Briefly, then, seems possible, using statistical analysis, separate this series 
into three groups according the visible fat mostly exogenous (18, 19, 20) 
endogenous (34 47) origin there much both (28 33). difficult, 
however, determine the principal source fat purely histological grounds 
individual cases. Broadly speaking, lungs containing inhaled lipid usually 
show more visible fat than those whose lipid endogenous, and inhaled lipid often 
gives rise groups xanthoma-like cells. Endogenous fat may give positive 
Schultz reaction (e.g. tubercles and fat surrounding abscess), but 
cannot said that Schultz-negative fat not endogenous origin for, differen- 
tial absorption occurs, this Schultz-negative fat may phospholipid. 
possible that the nature the lipid and its origin individual cases might 
determined more refined histochemical techniques. Moreover there 
evidence that exogenous and endogenous lipid are absorbed different 
mechanisms thus Cases and 20, the visible fat, which neutral fat and 
presumably exogenous (see above), tends collect the alveoli near the pleura 
and septa, but Cases 29, and Schultz-positive, presumably endogenous, 
fat similarly distributed. 


DISCUSSION. 


The tendency the older group infants for fat accumulate alveoli 
just under the pleura, the septo-pleural angle and near the septum, closely 
resembles the tendency described Davson (1939) for atmospheric dust 
accumulate cells the subpleural alveoli and the septo-pleural junction 
the apex the lung the early stages apical scar formation. some cases 
the lipid-laden macrophages appear wander into the adjacent interlobular 
but lipid never traceable beyond this site. Clark and Clark (1917) 
showed that when droplets fat fatty acid were injected into tadpoles tails 
leucocytes migrated from the adjacent blood vessels towards the fat and ingested 
it. Lymph vessels grew out towards the oil and the fat-laden leucocytes 
contact with the lymph vessels lost their fat droplets, discharging them into 
the lymphatics without the leucocytes entering the vessels. There close 
similarity between this reaction and our findings outlined above. may 
supposed that when fat inhaled, liberated from exudate, there 
outpouring macrophages which take the fat. Some removed way 
the bronchioles coughing, but the remainder transported, like dust, the 
pleura, interlobular septa and septo-pleural angles, discharged into the 
lymphatics which, according Miller (1947) are situated here. 

foetuses and infants who are stillborn who die very early life, vernix 
caseosa probably absorbed the epithelium lining the air spaces and bron- 
chioles. This indicated the change composition the fat the air 
spaces, which can most easily accounted for more ready removal the 
acetone-soluble fraction than the phospholipid, and the occurrence fatty 
granules the epithelial cells. take part this process. Similar 
granules appear the cells the intestinal epithelium during alimentary fat 
absorption. (1948) has described granules fat the bronchiolar 
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epithelium, but does not think that their presence necessarily implies fat 
absorption. 

would seem that two different cellular mechanisms absorption exist, 
depending age perhaps the nature the lipid. The experimental work 
Guieyese-Pellissier (1923) bears similar interpretation. is, however, possible 
that the pulmonary macrophages are homologous with the cells lining the air 
spaces and the bronchial epithelium foetal lungs. Fried (1934) and Bremmer 
(1936) and Gazayerli (1936) have reviewed the literature dealing with the nature 
the pulmonary macrophages. workers think that pulmonary phagocytes 
may arise from alveolar epithelium (Cappell, 1923, 1929 Carleton, 1931). this 
true, then the two cellular mechanisms fat absorption described are 
probably not distinct, but differ only that foetuses and very young infants 
the epithelial cells remain situ, whereas older infants the flattened alveolar 
epithelial cells proliferate and become mobile. some our cases cuboidal 
epithelial-like cells are present, lining the alveoli containing fat-laden macrophages 
(Fig. 9). Davson (1939) found similar lining cells alveoli containing dust 
one lung (48) the cuboidal lining cells contained fatty granules. These obser- 
vations, although scanty, support the view that the alveolar epithelium cells 
older infants may proliferate and absorb fat young infants and foetuses. 
the other hand, the experiments Gazayerli (1936) seem show that phago- 
cytic activity confined certain cuboidal cells the alveolar angles and does 
not extend the epithelial lining. 


SUMMARY. 

The nature and behaviour fat present the lungs foetuses and 
infants are investigated. 

Normal lung tissue contains 11-57 per cent lipid dry weight (standard 
deviation 0-39 per cent), 5-12 per cent being acetone-soluble lipid and 6-45 per 
cent being phospholipid. Using these figures possible calculate the 
amount and composition exogenous lipid lung which inflammation 
present, when the total lipid and the proportions its components sample 
the lung are known. the lungs foetuses, stillborn and newly-born infants, 
the presumed source exogenous lipid vernix caseosa. Vernix lipid poor 
phospholipid (11 per cent) and rich acetone-soluble lipid (89 per cent), but the 
exogenous lipid these lungs rich phospholipid and poor acetone-soluble 
components. Such finding may explained the assumption that the lungs 
absorb lipid, the acetone-soluble components being more readily absorbed than 
the phospholipid. 

The validity this indirect method determining the nature the exogenous 
lipid supported finding, with one exception, that the Schultz test for choles- 
terol positive only those cases which significant amount cholesterol 
calculated present. 

The hypothesis pulmonary fat absorption supported finding fatty 
granules the bronchiolar epithelium the cells lining the air spaces 
lungs out group 21. macrophages phagocytes are present. 

When inflammation present the lung the nature the visible fat cannot 


determined simple arithmetical calculation, but statistical analysis shows 


that when fat conspicuous histological feature, much probably 
genous. 
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older infants, fat removed from the lungs phagocytosis much the 
same way dust. The phagocytes are carried the periphery the lobules, 
whence fat discharged into the lymphatics. Endogenous and exogenous fat 
removed the same mechanism. 

The possible identity the two mechanisms fat absorption—phagocytic 
and non-phagocytic—is discussed. 


should like acknowledge our gratitude Professor Baker and the 
late Professor Dougal, whose departments this work was done, for their 
help and advice and Dr. Whitehead for his criticism and guidance. 
should also like thank Mr. Walker, the Department Mathematical 
Statistics, for his help with the statistical part this paper. 
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(1946) and Hotchkiss (1948) introduced the Malaprade periodic 
acid reaction into the field histochemistry, using the Schiff reagent visualize 
the end-products the reaction. The range detectable compounds was thus 
limited those carrying two contiguous hydroxyl groups (e.g. diols), 
The diols are oxidized periodic acid aldehydes with rupture the 
C-C linkage this prevents further oxidation. Adjacent groups, which 
are oxidized carboxylic groups, not give colour reaction with fuchsin- 
sulphurous acid. Combined amino acids, the polypeptide chains the various 
proteins, not possess the required linkage, while the free hydroxyamino-acids 
are diffusible and not remain fixed tissues. 

Among the compounds present animal tissues which give positive reaction 
with periodic acid only compounds high molecular weight are interest, 
far they remain the tissues after the usual histological fixatives, and may 
coupled situ with leucofuchsin after the action periodic acid. When 
glycogen and lipoids have been excluded only mucopolysaccharides, muco- 
proteins and glycoproteins should remain the tissues sufficient concentration 
give positive reaction. 

The method has been adapted Pearse (1948, 1949) and Catchpole 
(1947, 1949) the demonstration the gonadotrophic hormones, which are 
proteins with high hexose content, mostly containing more than per cent 
hexosamine addition. They therefore belong, according Meyer’s (1938) 
nomenclature, the class mucoproteins. One (Rinaldini, 1949) has 
shown bio-assay hypophysectomized rats that chronic starvation there 
marked storage gonadotrophic hormones the pituitary anterior lobe 
(Table I). experiment was therefore designed determine whether the 
histochemical procedure described above could used verify this finding 
comparing the amount periodic acid-Schiff-positive material present the 
nars glandularis the pituitary glands starved and control animals under well- 
conditions. 


METHODS. 


Full details and discussion the staining technique are given previous 
papers (Pearse, 1949, 1950). The only modification introduced here was the 
treatment sections with hydroxylamine hydrochloride sodium acetate 
prior staining. this means pre-existing tissue aldehydes were condensed 
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Ovarian weight Mean weight 
Rat number. (mg.). (mg.). Percentage. 


125 108 400 


Ovarian weights hypophysectomized rats injected with normal pituitary anterior lobe 
above), and with pituitary anterior lobe underfed rats below). The rats were given 
mg. dry tissue daily for fourteen days each case. Taken from Rinaldini (1949). 


into non-reacting oximes and the staining background structures appreciably 
reduced. 

The material was obtained from two groups mature rats similar 
body weight, one group being fed the normal stock diet, and the other main- 
tained low calorie diet bread and milk until loss about per cent 
body weight was obtained. All the animals were then killed with coal, gas. 
Half the pituitary glands, for use the histochemical procedure, were fixed 
Helly-Maximow immediately after killing the animals. The other half, which 
were required for evaluation the weight loss starvation, were fixed absolute 
acetone after removal the pars nervosa and dried over preparatory 
weighing. Serial sections the Helly-fixed hypophyses were cut the horizontal 
plane and stained the periodic acid Schiff method some were 
counterstained with orange and others examined without counterstaining. 
The cell counts were done independently two observers, each examining 
different sections both test and control glands under identical conditions 
4mm. apochromatic objective, N.A. 0-95, and compensating ocular with 
eyepiece graticule giving field 0-2 divided into squares 
green filter with absorption peak 5200 (Ilford Spectrum green) was used 
for the uncounterstained sections, and all PAS-stained cells that showed clearly 
through the filter were counted positive. 


RESULTS. 


The results the cell counts are shown Tables and III. can seen 
Table that the number PAS-positive cells per field about times 
large the test the control glands. The figures for the counterstained 
sections are slightly smaller than for those stained with PAS only this pre- 
sumed due some overlapping effect orange the Schiff-positive 
material some the cells. satisfactory explanation can given present 
for this effect, which has been observed Pearse human and other animal 
material, but plausible suggestion that due the presence proportion 
the mucoprotein-containing cells simple protein with basic qualities. 
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Cells per Field giving Positive Periodic Acid-Schiff 
Reaction Before and After Chronic Inanition. 


Peripheral fields Central fields 
(20 counts). (20 counts). Mean. 
Controls. Tests. Controls. Tests. Controls. Tests, 


Mean figures for cell counts peripheral and central fields the rat anterior hypophysis, with 
the mean both areas the right-hand columns. 


Periodic Acid-Schiff-positive Cells. 


Total number cells per field. Number Percentage 

PAS-positive positive 
Periphery Centre Mean cells 

fields). fields). fields). (80 fields). 


Percentage Periodic cells expressed percentage the total cells per 
field. 


Direct comparison the results bio-assay and histochemical assay 
complicated shrinkage the whole gland the one hand, and the individual 
cells the other. Since there increase the total number cells per 
field the test glands, due cell shrinkage consequence of. starvation 
(compare Fig. and 2), preferable express the figures Table 
percentage the number cells per field. this done (Table III, right- 
hand column) the difference between test and control glands reduced about 
approximate estimation the mean cell area the mucoprotein- 
containing cells gave figure for the test glands, and for the 
controls, representing per cent decrease cell surface which consistent 
with the observed increase the number cells per cent). The average 
diameters the control glands, measured the largest horizontal section, 
were 2-7 and 2-5 mm., giving area 6-55 The test glands measured 
the test sections seems indicate that other structures decrease volume 


lesser degree than the cytoplasm. 


EXPLANATION PLATES. 
Fic. 1.—Central field from section the hypophysis 130 female rat maintained 
normal diet. The mucoprotein-containing cells appear various shades 

black and grey. Periodic acid-Schiff, orange 500. 

field from section the hypophysis 130 female rat after loss 
per cent body weight through inadequate diet. comparison with Fig. there 
notable increase the number mucoid cells, and the majority these are smaller and 
stain more darkly than their counterparts the normal gland. Periodic acid-Schiff, orange 
500. 
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comparing the percentage positive cells per field are introducing the 
shrinkage factor, and therefore comparing the gonadotrophin content gland per 
gland. Since the bio-assays shown Table express the gonadotrophic potency 
per unit weight, was found necessary measure the weight loss the pars 
glandularis after the period starvation order get comparable results. 
The figures Table show decrease weight approximately one-third 


IV. 


Weight (g.) Pituitary 

Rat anterior lobe Percentage. 
number. Ante. Post. wt. (dry) (mg.). 

130 177 1-2 

130 174 1-24 100 

135 178 1-5 

140 182 

138 

134 0-9 

143 

135 


A-E, control underfed animals. 


(35 per cent) measured dry weight after acetone fixation. Applying this 
correction factor the figures Table mean increase gonadotrophic 
potency 260 per cent per gland obtained. This fairly good agreement 
with the observed three-fold increase (320 per cent) the number muco- 
protein-containing cells the test glands. 


DISCUSSION. 


The fact that the results obtained our procedure coincide approximately 
with those obtained sensitive bio-assay method shows that the histochemical 
method value when large variations hormone content are involved, 
the present case. Yet, even under well-defined conditions the method not 
entirely objective, for various reasons 

(a) The reactions involved are not strictly specific for the gonadotrophic 
hormones. Since the mucoprotein gonadotrophic hormones are least partially 
soluble water after precipitation alcohol, alcoholic fixatives were rejected 
and formalin-containing mixture was chosen. This fixture preserves the muco- 
protein both granular and diffuse form, and may presumed, therefore, 
fix the gonadotrophins, but there reason suppose that fails preserve 
the thyrotrophic hormone similar manner. Objection may made that 
unknown percentage the positive colour given with the PAS reaction may 
due this substance. Chemical estimations, impure fractions each case, 
indicate that thyrotrophic hormone has maximum carbohydrate content 
per cent compared with per cent for FSH, and per LH, even 
the separate fractions (FSH, and TSH) are separate hormones their intra- 
cellular state and not part single mucoprotein, most the colour produced 
the PAS reaction likely due the two gonadotrophic hormones. 

(b) The comparative estimation content cell counts based 
two namely that the fields selected are true sample the 


> 
Pituitary anterior lobe dry weights. 
@ 
a 


cell type distribution the whole gland, and that the hormone content per 
cell equivalent test and control material. our experiments sampling 
has been tested statistical methods and proved satisfactory. for 
the hormone content per cell, was apparent all sections examined that the 
positive cells were more intensely stained the test glands, can seen even 
the black-and-white photographs. This may due the accumulation 
equivalent amount mucoprotein smaller volume, though doubtful 
such assumption can made without further inquiry and, indeed, the 
relatively large figures obtained seem indicate that the content per cell 
smaller the starved animals. 

(c) The personal error regards the appreciation what positive and 
what not largely diminished though not altogether annulled the use 
filter known absorption. The standard errors quoted are those the 
individual errors both observers taken together under the conditions detailed 
above; they not represent the standard deviation the method itself. 
Statistical analysis showed that the variance and the distribution was not the 
same for both observers, even though there was appreciable difference the 
mean. 

The method cannot recommended, therefore, for the estimation small 
variations gonadotrophic hormone content the hypophysis, and even when 
large variations are concerned the full value the method obtained 
when the same workers have examined both the control and the test material. 


SUMMARY. 


The periodic acid-Schiff method McManus and Hotchkiss can used 
demonstrate the mucoprotein hormones the anterior hypophysis. 

method has been evolved for histochemical assay the amount gonado- 
trophin the anterior hypophysis, using cell counts the mucoprotein-containing 
cells its basis. 

The results obtained indicate that the hypophysis the rat after period 
chronic starvation contains about three times much gonadotrophin the 
normal hypophysis. 

Correlation between histochemical assay and sensitive method bio-assay 
very close. 

considered that the histochemical suitable for the comparative 
estimation large variations gonadotrophin content the hypophysis. 


wish acknowledge the technical assistance Mr. Griffin the 
preparation the sections, and Mr. Willmott the production the 
photomicrographs. 
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FORMATION.* 
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and (1943), using the Gomori technique, reported the presence 
alkaline phosphatase the regenerating connective tissue healing skin 
wounds the rat. They found that the maximum intensity staining occurred 
coincident with the formation new collagenous fibres, and that the fibres well 
fibroblasts and capillaries were deeply stained. Since phosphatase activity 
within the fibres and fibroblasts decreased the later stages regeneration, 
they cautiously suggested that phosphatase connected directly indirectly 
with the metabolic processes more intimately concerned with the laying down 


subsequent investigation, Danielli, Fell and Kodicek (1945) studied 


alkaline phosphatase activity healing wounds normal and scorbutic guinea- 
pigs. The maximum alkaline phosphatase activity was found occur during 
the differentiation new collagenous fibres. complete scurvy there was 
not only almost complete absence fibre formation, but also phosphatase 
activity. Furthermore, these workers reported that partial scurvy phosphatase 
activity correlated well with the amount fibre differentiation. They felt 
that this was additional support for the view that phosphatase activity and 
formation collagenous fibres are causally related. Bunting and White (1950) 
performed similar experiments, and the results general confirmed those 
Danielli these investigators did not find good correlation 
between fibre formation and phosphatase activity. They drew the conclusion 
that the two phenomena were coincident but unrelated. 

the other hand, the fibres regenerating bone (Bourne, 1943) and 


Geriistmark during recovery from scurvy (Follis, 1950) have been reported 


give positive stain for alkaline phosphatase. 

The hypothesis postulated Fell and Danielli that alkaline phosphatase 
intimately concerned with the formation collagen and other intercellular 
fibres sufficient importance for understanding the metabolism connective 
tissue, that every effort should made test it. could shown that 
formation collagen occurred the absence high alkaline phosphatase 
activity, then the hypothesis would have revised. 

This paper the report such exception, and describes the results 
study alkaline phosphatase activity, determined histochemical techniques, 
fibrous tissue developed response cellophane perinephritis. 


work was performed part under Contract with the Office Naval 
search, 
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EXPERIMENTAL PROCEDURE. 


Male guinea-pigs, weighing between three and four hundred and maintained 
Rockland guinea-pig ration, containing mg. ascorbic acid per 100 
supplemented with mg. ascorbic acid per every other day, were used for 
the experiment. The left kidneys animals, anaesthetized with sodium pento- 
barbital supplemented with ether necessary, were wrapped cellophane 
according the technique Page (1939). 

Pigs were killed decapitation 14, and days after the operation. 
Central sections the normal and the wrapped kidney were fixed ice-cold 
acetone, changed once twenty-four hours, and dehydrated absolute alcohol 
for hours during this procedure the tissues were kept The tissues 
were then cleared benzol, infiltrated 56° vacuo for total minutes 
with one change paraffin and embedded paraffin (m.p., Sections 
were cut and spread room temperature. 

Sections were stained for alkaline phosphatase using modification the 
Gomori (1939) technique. Slides were incubated 38°C. for hours the 
barbital 8-4 calcium chloride and 3-1 magnesium sulfate, 
adjusted 9-4. The liberated phosphate, precipitated calcium phosphate, 
was visualized with cobalt nitrate followed ammonium polysulfide. few 
slides were stained according the Manheimer-Seligman (1948) modification 
the Menten, Junge and Green (1944) technique with calcium phosphate 
substrate. 

Sections adjacent those stained for phosphatase were stained with hema- 
toxylin and eosin, and with Masson’s trichrome stain after mordanting the 
sections with per cent potassium dechromate for minutes. 


RESULTS. 


Organization the perinephric exudate and the narrow peripheral zone 
necrotic tubules which resulted from wrapping the kidneys cellophane was 
first seen this series after four days. One week after wrapping the perinephric 
capsule was relatively thick the inner one-half two-thirds had become well 
organized and contained fine, loosely arranged collagenous fibres. There was 
gradual transition from this inner area early fibre formation the richly 


EXPLANATION 


Fic. 1.—Perinephric capsule kidney wrapped with cellophane seven days previously, 
stained with Masson’s trichrome. Note the loose cellular connective tissue. 95. 

Fic. 2.—The same capsule stained for alkaline phosphatase according Gomori. Contrast 
the black fibroblasts near the tubules with the almost unstained cells the periphery. 
The many fine fibres seen Fig. are unstained. Photomicrograph taken with Wratten 
filter #,58. 95. 

Fic. 3.—Perinephric capsule kidney wrapped cellophane for three weeks, stained with 
Masson’s trichrome. this time the new connective tissue composed compact 
collagenous fibres and relatively few cells. 240. 

Fic. 4.—The same capsule Fig. stained for alkaline phosphatase according Gomori. 
Here, Fig. fibroblasts near the tubule are stained heavily, but those the periphery 

remain unstained. The compact fibre bundles seen Fig. like the loose collagenous fibres 

Fig. take stain. Photomicrograph taken with Wratten filter #,58. 240. 


cellular outer portion the capsule which was devoid fibres (Fig. 1). 
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subsequent intervals (2, and weeks) there was progressive increase the 
density the collagenous fibres, and decrease the number fibroblasts 
the inner part the capsule. these, the earlier stages, there was 
gradual transition from compact collagenous tissue near the renal cortex through 
successively less compact tissue fibres the richly cellular outer layer containing 
fibres (Fig. 3). 

The black stain, indicative phosphatase activity the Gomori technique, 
was intense the brush border and nuclei the proximal convoluted tubules 
all stages examined. Purulent exudate and necrotic material, when present, 
also stained intensely. the perinephric zone the kidneys, removed two and 
four days after wrapping, the characteristic black precipitate was present only 
the nuclei this zone. the capsule kidneys removed one week after 
wrapping the collagen fibres which had formed were completely unstained. 
The nuclei and cytoplasm the fibroblasts were somewhat blackened. The 
fibroblasts adjacent the heavily stained renal tubules stained more deeply 
than those the outer portion the capsule the latter only nuclei stained, 
whereas the former the cytoplasm was also slightly darkened (Fig. 2). The 
kidneys wrapped for longer periods (2, and weeks) presented essentially the 
same picture, except that these the differences intensity staining between 
the fibroblasts the inner and outer zones the capsule were even more pro- 
nounced. Although fibroblasts near the renal cortex stained rather heavily, 
those the outer portion the capsule were completely unstained. Collagen 
fibres all stages showed evidence phosphatase activity (Fig. 4). The 
overall impression gained from inspection the slides stained for phosphatase 
the Gomori procedure was striking contrast between the deeply stained 
kidney cortex and the almost completely unstained developing collagenous 
tissue capsule. 

Sections stained for alkaline phosphatase activity the Menten technique 
presented somewhat different picture from that produced the Gomori 
method. Only the brush border the tubules stained. Neither tubule nor 
fibroblast nuclei were stained. The collagen fibres,as with the Gomori method, 
were again unstained. 


DISCUSSION. 


view the above results there can doubt that intercellular collagen 
fibres may form without intimate association phosphatase activity and fibre. 
case did fibres, demonstrable the Masson technique, exhibit any evidence 
alkaline phosphatase activity. The prolonged incubation time hours 
should have sufficed demonstrate even small amounts enzyme. 

Other conditions which collagen formation was not associated with alkaline 
phosphatase activity the fibres have also been observed. Although some 
growing tumours which had been stained for alkaline phosphatase showed stain- 
ing the intercellular fibres, others did not (Manheimer and Seligman, 1948 
Kabat and Furth, 1941). Moreover, the new collagen formed response 
either the subcutaneous implantation cellophane injection dicetyl phosphate 
exhibited stain for phosphatase (Robertson, 1950, unpublished observation). 

One may also question the occurrence high alkaline phosphatase activity 
the fibroblasts during the formation fibrous proteins since slides treated 
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according the Gomori technique the stain was limited fibroblasts nearest 
the cortex. There evidence which would indicate that the fibroblasts 
the outer zones are not active intercellular protein formation those 
nearer the cortex. 

Indeed, the apparent phosphatase activity those fibroblasts near the kidney 
cortex may well artefact. Danielli (1946), and Martin and Jacoby (1941), 
have shown that calcium phosphate may selectively absorbed specific cell 
structures, especially nuclei; Martin and Jacoby have further demonstrated 
that calcium phosphate formed the Gomori technique result alkaline 
phosphatase activity may diffuse from sites high activity and adsorb the 
phosphatase-inactive nuclei. has been demonstrated that calcium phosphate 
could adsorbed tubule and fibroblast nuclei heat-inactivated sections 
kidneys from this series. 

The conditions existing during the staining the wrapped kidneys sections, 
the high phosphatase activity the kidney cortex and the long period 
incubation, might well permit the diffusion calcium phosphate the concentra- 
tion calcium phosphate available for adsorption would then vary inversely 
the distance from the locus high phosphatase activity. Since the fibroblasts 
can adsorb the calcium phosphate they should stain, and those nearest the very 
active cortex should most heavily stained. Thus, even the fibroblasts 
contained phosphatase, the staining pattern obtained would similar 
that actually observed when the kidney sections were treated according the 
Gomori technique. 

The probability that this positive reaction the fibroblasts artefact 
strengthened the lack stain these same cells with the Menten method. 
seems reasonable conclude that these have little, any, phosphatase 
activity. 

The formation collagen the capsule cellophane-wrapped kidney 
appears occur without the presence intense alkaline phosphatase activity 
either the fibres fibroblasts. 

paper, originally overlooked the authors, Marchant (1949) reported 
study the localization alkaline phosphatase regenerating nerves. She 
found that the collagen fibres had significant phosphatase activity, and that 
Fell and Danielli’s hypotheses could not generalized. 


SUMMARY. 


fibrous capsule was induced wrapping kidneys guinea-pigs with 
cellophane. Histochemical stains for alkaline phosphatase were applied 
sections kidneys several stages capsule formation. 

Despite active collagen deposition, high levels alkaline phosphatase activity 
were not present either the fibres fibroblasts. 

The results are discussed, and the conclusion reached that the hypothesis— 
collagen fibre formation requires high levels alkaline untenable. 


REFERENCES. 
G.—(1943) Quart. exp. Physiol., 32, 

H., anp F.—(1950) Arch. Path., 49, 590. 

F.—(1946) exp. Biol., 22, 110. 

Idem, B., E.—(1945) Brit. exp. Path., 26, 367. 


FELL 
Mar’ 
7 


METABOLISM CONNECTIVE TISSUE 


H.—(1950) Fed. Proc., 330. 

G.—(1939) Proc. Soc. exp. Biol., 42, 23. 

A., J.—(1941) Amer. Path., 17, 303. 

MANHEIMER, H., AND SELIGMAN, M.—(1948) nat. Cancer Inst., 181. 
JUNE.—(1949) Anat., 83, 227. 

M.L., AND GREEN, M.H biol. Chem., 153, 471. 
H.—(1939) Science, 89, 273. 


549 
i 


THE ACTION PENICILLIN CL. WELCHII TYPE 


From the Department Bacteriology, University Manchester. 


Received for publication June 22, 1950. 


GARDNER (1940) first observed that number bacterial species, when 
grown sub-inhibitory concentrations penicillin, produced morphologically 
changed forms. Cocci became greatly swollen and bacilli elongated and fila- 
mentous. suggested that these alterations morphology were due 
interference with the process responsible for cell division. Gardner’s observations 
were subsequently confirmed and extended other workers. 

Similar morphological changes those obtained vitro have also been 
observed vivo during the treatment patients with penicillin (Florey, Chain, 
Heatley, Jennings, Sanders, Abraham and Florey, 1949), and the question has 
been raised whether such changes are associated with reduction the 
virulence the organism with increase its susceptibility the defence 
mechanisms the body. This question was investigated with Cl. 
which was considered suitable organism for such study susceptible 
the bactericidal effect penicillin vitro (Abraham, Chain, Fletcher, Florey, 
Gardner, Heatley and Jennings, 1941), and vivo (McIntosh and Selbie, 1942), 
produces experimental infection with relative ease, and undergoes morpho- 
logical changes under the influence penicillin (Gardner, Ross, 1946). 


MATERIALS AND METHODS. 


Cl. welchii strains.—Two strains, and 107, which had been pre- 
served the dry state, were used. was highly virulent for guinea-pigs and 
produced toxin, haemolysin, but not hyaluronidase vitro. 107 was not 
toxin and haemolysin, and addition hyaluronidase (Evans, 1945). 

Culture media.—Rabbit-liver broth was found suitable for the routine culti- 
vation the strains, for this medium the virulence did not appear 
affected even after many subcultures. The broth was devised Professor 
McLeod (personal communication). was meat-extract broth which 
per cent parboiled minced rabbit liver was added before final autoclaving. 
This medium was not used for the cultivation and examination morphologically 
changed Cl. for gave cultures showing wide variation morphology. 

The medium used Macfarlane and Knight (1941) modified Gale and 
van Heyningen (1942) was employed the study morphological changes. 
This medium was peptone-salt-beef extract containing 0-3 per cent glucose and 
was used immediately after preparation, was not necessary include thio- 
Cultures penicillin-treated organisms this clear liquid medium 
were more uniform morphology than those obtained with rabbit-liver broth. 
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Turbidimetric measurements.—The total counts bacterial suspensions and 
cultures were determined turbidimetrically means photoelectric absorptio- 
meter. The instrument was calibrated, using suspensions containing deter- 
mined number viable normal forms Cl. The concentration 
suspensions morphologically changed forms was estimated, using the same 
calibration curve and expressed terms equivalent number normal 
forms. was appreciated that error was involved comparing turbidi- 
the densities suspensions normal with elongated bacilli, but 
making dry determinations the cell mass with both types sus- 
pensions was found that this error was small and the order per 
cent. 

Viable counts bacterial suspensions were made the 
surface-plate method Miles and Misra (1938). Suspensions normal forms 
Cl. gave results, but elongated bacilli were not counted, 
they were often and unsuitable for viable count determinations. 

Toxin lecithinase reaction, using egg-yolk solution (Mac- 
farlane, Oakley and Anderson, 1941), was employed estimate the potency 
toxin broth cultures. The minimal effective dose (m.e.d.) which gave 
per cent lecithinase reaction with egg-yolk lecithin solution was determined 
turbidimetrically. 

Haemolysin estimation.—The minimal haemolytic dose (m.h.d.) broth 
cultures was estimated, using 1-5 per cent suspension sheep cells phosphate 
buffer (van Heyningen, 1941). 

Hyaluronidase estimation.—Estimations were made the minimal 
broth cultures which destroyed the viscosity synovial fluid (Burnet, 1948). 
The test was suggested Miss Warrack, the Wellcome Research 
Laboratories, who kindly supplied with synovial fluid. 

Experimental infection guinea-pigs.—Three methods were employed. The 
first, originally described Armstrong and Rae (1941) and subsequently used 
Evans (1943a, b), involved the intramuscular injection into the hind leg 
guinea-pig 0-2 ml. per cent CaCl, solution, followed hr. later into the 
Typical gas gangrene lesions were produced, which, provided the dose was 
sufficiently large, were followed death the animal. With strain the 
average lethal dose was the order viable organisms. 

the second method the infection was enhanced adrenalin (Evans, 1947 
Evans, Miles and Niven, 1948). The suspension Cl. this case 
was injected into the muscle the hind leg, which had received 10-15 min. 
earlier injection 0-5 ml. 1/10,000 adrenalin solution. The course the 
infection and the average lethal dose were similar those obtained with CaCl, 
enhancing agent. 

the third method (Stewart,.1943) the washed suspension organisms was 
injected intraperitoneally into guinea-pigs without the use enhancing agent. 
Guinea-pigs are not highly susceptible Cl. this route, and was 
hecessary inject large doses the order 500 10° organisms produce 
fatal infection. This method did not simulate the conditions natural infection 
did the intramuscular method. With lethal doses intense congestion the 
and intestines was produced, and there was blood-stained exudate 
which contained large numbers bacilli. 
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EXPERIMENTAL AND RESULTS. 


Production Morphologically Changed Forms vitro. 


Tubes freshly prepared Macfarlane and Knight’s broth 37°C., each 
containing ml., were inoculated with suspension Cl. strain 
taken from 24-hr. rabbit-liver broth culture. The tubes contained varying 
concentrations penicillin ranging from 0-4 u./ml., and the inoculum for each 
tube was the same, approximately viable organisms volume 
0-1 ml. The cultures were incubated and intervals the turbidity 
determined and the morphology and staining properties the organisms 
Typical turbidity curves are shown Fig. for some the concentrations 
penicillin used. 


none 
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Time (hours) 


Fic. curves Cl. welchii Macfarlane and Knight’s medium containing 
different concentrations penicillin. The concentration penicillin indicated 
each curve. 


The growth phases. 


each culture the time which the logarithmic phase active growth 
commenced was approximately the same, and the rate which the turbidity 
the culture increased was similar. The maximum turbidity reached was, 
however, influenced the concentration penicillin, and was progressively less 
increasing concentrations. After maximum turbidity phase lysis occurred 
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those cultures with more than 0-05 u./ml. penicillin, and the rate lysis 
was more pronounced the higher the concentration penicillin. 


Morphological changes. 

cultures containing more than 0-05 u./ml. penicillin, elongated bacilli about 
2-4 times normal length were seen early the logarithmic phase growth, and 
this phase proceeded the bacilli became more elongated. The extent the 
elongation was dependent the concentration penicillin and Fig. 2-5 show 
the morphology different cultures hr. after inoculation, which was approxi- 
mately the end the phase active growth. The optimal concentration 
penicillin for maximum elongation was about 0-05-0-1 u./ml., which pro- 
duced forms least 100 times the length normal cells. the highest 
concentration u./ml. lysis the bacilli began before elongation had 
proceeded far. 

Elongated bacilli stained examine cell wall the method Ledingham 
(1933) showed few transverse septa, and this was especially the case cultures 
containing 0-1 u./ml. more penicillin. Forms 100 times the length 
normal cell were sometimes observed which showed complete absence trans- 
verse septa. 

Cells the control cultures stained Gram-positive throughout the period 
active growth and for many hours afterwards. the cultures containing 
penicillin, however, there was tendency for the cells lose their Gram-positive 
character, and this tendency increased the concentration penicillin increased. 
For example, the end logarithmic phase, all cells were Gram-positive 
cultures containing 0-05 u./ml., but the 0-4 u./ml. cultures Gram-positive 
cells were seen. During the phase lysis following maximum turbidity 
increasing number cells lost their Gram-positive character, and Fig. shows 
the morphology 0-1 u./ml. culture hr. after inoculation, which was approxi- 
mately hr. after the lysis phase had begun. 


Viability. 
The viability cultures was tested during the logarithmic phase and the 
phase lysis subculturing into rabbit-liver broth and blood agar plates. 
All cultures were viable the point maximum turbidity, and those showing 
lysis, 0-025 u./ml. less penicillin, were still viable hr. atterwards. 
the other hand, cultures which showed lysis were found sterile before 
complete lysis was attained. For example, those containing 0-25 u./ml. peni- 
cillin were sterile 2-3 hr. after the end the logarithmic phase, although lysis 
was far from complete. With cultures containing 0-05 and 0-1 u./ml. penicillin 
sterility occurred later, but still preceded complete lysis, whilst the high 
concentration (0-4 u./ml.) sterility and maximum turbidity seemed coincide. 
This method testing viability subculturing relatively large number 
organisms into penicillin-free medium did not indicate precisely the type 
cell which was viable and capable reverting the normal form, for although 
Macfarlane and Knight’s medium gave good homogeneity the morphology 
the culture, there was always variation cell size. isolating and culturing 
single organisms, however, was possible examine the viability cells 
conditions morphological alteration. The detailed results this 
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part the investigation are given separate article (Johnstone, Crofts and 


Evans, 1950). 


Properties Morphologically Changed Bacilli. 

was thus evident that bactericidal concentrations u./ml. 
penicillin could inhibit cell division Cl. without appreciably decreasing 
the rate and extent growth measured turbidity. was considered that 
organisms grown under these conditions would suitable for investigating 
whether inhibition cell division was associated with changes other properties 
the organism. 


Production toxin, haemolysin and hyaluronidase during growth elongated 


Strain 107 was used investigate whether penicillin, while inhibiting cell 
division, had the same time effect the production toxin, haemolysin 
and hyaluronidase. This strain showed morphological changes when grown 
the presence penicillin, similar 

examining toxin production the organism was grown media containing 
penicillin three different concentrations, namely 0-05, 0-10 and 0-20 
and control culture with penicillin was also used. Turbidity the suspen- 
sions and concentration toxin were determined hr. after inoculation, 
when the organisms were passing through their most active phase elongation. 
The concentration toxin was calculated the number m.e.d. per 100 
normal cells (Table I). was evident that the concentration toxin per 


TaBLE I.—Potency Toxin Cultures Cl. welchii containing 
Varying Concentrations Penicillin. 


penicillin culture Number unit cells /ml. toxin hr. unit cells 


(units/ml.). hours. m.e.d./ml. 


unit mass bacilli was not greatly affected concentrations penicillin 
0-05 and 0-1 u./ml. was expected, however, that higher concentrations, 
which not only produced elongation but also restricted growth, the potency 
toxin would reduced. The production toxin normal cultures does 
not run parallel the formation cell mass, for Gale and van Heyningen 
(1942) have shown, toxin production greatest the later logarithmic phase. 
Thus cultures containing 0-20 u./ml. penicillin, which reduced the length 


EXPLANATION PLATE. 
Photomicrographs 500) Gram-stained Preparations Cl. welchii 

4-hr. cultures containing 0-025, 0-10 and 0-40 units/ml. penicillin respectively. 

Fic. 6.—In 6-hr. culture containing 0-10 units/ml. penicillin. 

Fic. peritoneal exudate guinea-pig hr. after infection and penicillin treatment. 
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the logarithmic phase considerably, the organisms never entered the phase 
maximum production toxin, but passed into the phase lysis. 

examining haemolysin and hyaluronidase production during elongation, 
strain 107 was grown the presence 0-1 penicillin. These cultures 
gave after hr. growth m.h.d. haemolysin per 100 normal cells, 
compared with m.h.d. for the same cell mass control cultures containing 
penicillin. For hyaluronidase production the corresponding figures were and 
minimal active doses. was thus evident that penicillin this concentration, 
although inhibiting cell division, did not appreciably affect the production 
haemolysin hyaluronidase. 


Growth properties and toxin production elongated forms when transferred 
penicillin-free medium. 

‘Cultures strain 107 were grown two different concentrations peni- 
cillin, namely, 0-05 and 0-1 u./ml. hr. the morphology each culture was 
examined ensure that the typical changes had occurred. 3-hr. control 
normal culture was also prepared. culture was centrifuged and the deposits 
suspended: broth give equal turbidities. Tubes fresh Macfarlane and 
Knight’s medium each containing ml. were inoculated with the different sus- 
pensions, and each inoculum contained the equivalent 12-5 normal cells. 
The turbidity the cultures was examined during the following hr. incu- 
bation, and toxin production determined the end this period. Typical 
results the growth phases are given Fig. 


Bacilli grown 
media containing 


Log total count (as normal 


Fic. curves penicillin-free medium Cl. after growing for medium 
containing different concentrations penicillin. 
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The rate increase turbidity and the maximum turbidity were the same 
all cultures. There were, however, differences the length the lag periods, 
which progressively increased the concentration penicillin which the 
inoculum had been exposed increased. These differences were not pronounced, 
and once the culture entered the logarithmic phase behaved normal culture, 
The concentration toxin hr. was approximately the same all 
one experiment for example toxin concentrations were 60, and m.e.d./ml. 
with cultures inoculated with organisms previously exposed 0-05 and 
u./ml. penicillin respectively. 


Ability elongated forms produce infection. 


The virulence for guinea-pigs normal and elongated bacilli was compared 
using strain the first experiments the intramuscular method 
infection was used, with CaCl, adrenalin enhancing agent. Suspensions were 
prepared from 3-hr. cultures grown concentrations penicillin from 0-05 
0-10 u./ml., and also from 3-hr. cultures normal bacilli. The cultures were 
centrifuged, resuspended broth give the same turbidity, and series 
10-fold dilutions each suspension made broth. Doses 0-2 ml. 
the different dilutions were injected intramuscularly into guinea-pigs. Viable 
counts were made the control suspensions, and the doses both elongated 
and normal bacilli are expressed the number normal cells (Table II). 
Experiments were also made employing 2-fold dilutions suspensions (Table 
The results showed that the infecting properties morphologically changed 
Cl. welchit when injected intramuscularly were not significantly different 
from those normal bacilli. Smears made the time death from infected 
muscles guinea-pigs injected with either elongated normal bacilli showed 
only normal forms. 

was considered that this method infecting guinea-pigs first reducing 
their resistance means CaCl, adrenalin did not allow the defence 
mechanisms the animal function normally, and thus did not give the animal 
the opportunity show whether could deal more easily with elongated bacilli 
than with normal ones. view this consideration the intraperitoneal route 
infection, without the use enhancing agent, was also used. Suspensions 
were made before from 3-hr. cultures, and series 2-fold dilutions each 
suspension made broth. Doses ml. the different dilutions were injected 
intraperitoneally (Table IV). This method revealed small difference the 
infecting properties the two types bacilli, but the elongated forms had 
means lost their ability produce fatal infection this route, although they 
were not quite effective normal bacilli. Only normal bacilli were present 
the peritoneal fluid those guinea-pigs which died became infected. 


Production Morphologically Changed Forms vivo. 
Treatment infected guinea-pigs with penicillin. 
Experiments were made using strain determine whether changes 
morphology Cl. welchit occurred vivo. The protective action penicillin 


guinea-pigs was first tested, using the intramuscular method infection with 
CaCl, adrenalin enhancing agent and administering penicillin single 


(a) Normal 


and (b) Forms welchii (S.R. 9). 


Infection Guinea-pigs with Varying Doses 10-fold Differences. 
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dose min. after infection. The infecting dose contained approximately 
lethal doses. Two different methods penicillin administration were 
intramuscularly the site infection, and (b) 
was found (Table that local injection small doses penicillin was highly 


TaBLE V.—Resistance Guinea-pigs Lethal Doses Cl. welchii 
(S.R. Given Intramuscularly after Receiving (a) Intramuscularly 
the Site Infection, and (b) 


Penicillin intramuscularly. Penicillin intraperitoneally. 
Result with infected Result with infected 


effective protecting guinea-pigs against infection and death, while high doses 
given intraperitoneally sometimes saved the life the animal, but were unable 
prevent the development heavily infected gangrenous lesions. 


Morphologically changed forms muscle. 


the basis these results was considered that morphologically changed 
forms Cl. were produced vivo, they might develop more readily 
those guinea-pigs which were not completely protected after penicillin intra- 
peritoneally. Examinations were therefore made infected muscles guinea- 
pigs approximately hr. after the intraperitoneal injection varying doses 
penicillin. The interval between infection and penicillin administration was 
hr., and the infecting dose contained lethal doses. 

With infected guinea-pigs which received penicillin small the 
order u., morphologically changed forms were observed smears made 
from muscles exudates. With those animals receiving morpho- 
logical alteration was observed, but was not uniform, for the cells varied from 
extreme elongation normal forms, the majority being about times normal. 
Muscle and exudate smears from animals receiving showed morpho- 
logically changed bacilli similar those obtained the vitro experiments, 
using u./ml. penicillin. The organisms were extremely elongated, and 
although the majority this stage stained Gram-positive, some had lost this 
character and others showed degeneration and lysis. few normal cells were 
seen. There was evidence phagocytosis the smears examined, 
not even those bacilli which were degenerate. was noted that the muscles 
the time examination had typical gangrenous lesions—an observation which 
suggested that although the bacilli were not dividing, they were still producing 
toxins which were able cause extensive muscle damage. This result 
agreement with the vitro experiments where morphological change could 
occur without the bacilli losing their ability produce toxins. 
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Morphologically changed forms the peritoneum. 


examination was also made the peritoneal fluid from guinea-pigs infected 
with normal forms Cl. and given penicillin intramuscularly hr. 
afterwards. The infecting dose was approximately 250 bacilli, the dose 
penicillin varied from 100 and examination peritoneal fluid was 
made approximately hr. after infection. morphological change was 
observed bacilli present the peritoneal fluid guinea-pigs receiving 100 
the character the bacilli was similar those from control animals. Peritoneal 
fluid from guinea-pigs receiving 250 1000 contained elongated bacilli, and 
elongation was most marked with those animals receiving 1000 Many the 
elongated cells stained Gram-positive, but there were also some which had lost 
this property, while others showed degeneration and lysis. There was evidence 
phagocytosis (Fig. this marked alteration the morphology 
the bacilli the peritoneum had occurred, the clinical appearance the guinea- 
pigs was similar those which had received the same infecting dose but had 
not been treated with penicillin. This suggested that the bacilli, the intra- 
muscular experiments, although growing rapidly into elongated forms, were 
nevertheless producing toxins. 


Reversion vivo. 


experiment was made determine whether morphologically changed forms 
produced vivo were able revert normal. group guinea-pigs infected 
with lethal doses Cl. were each given, hr. later, 1000 
penicillin intraperitoneally. Four the animals were examined hr., and 
bacilli present muscle exudates showed similar morphological changes those 
already described. The other four animals were killed after hr., when they 
showed severe gangrenous lesions. Smears made from muscle tissue and exudate 
were found contain elongated cells, but large numbers normal ones. 
This result indicated that the viable elongated organisms present the infected 
muscle hr. after infection had reverted normal cells the level penicillin 
concentration the site infection became reduced. 


CONCLUSIONS. 


From the results this investigation was evident that when Cl. 
was grown bactericidal concentrations penicillin, changes the character 
the cell occurred which were manifested its extreme elongation, loss 
Gram-positive property and its final disintegration lysis. The early process 
elongation, associated with the inability the bacillus divide, did not 
appreciably affect the rate growth, although the period growth was reduced 
when high concentrations penicillin were employed. Moreover, the property 
the bacillus produce toxin, haemolysin and hyaluronidase was not 
necessarily affected these morphological changes. Elongated bacilli, taken 
during the phase active growth, were found regain their property divide 
when transferred penicillin-free culture medium. Reversion normal bacilli 
was not greatly delayed, and although the lag phase was slightly longer than the 
normal lag, the generation time, maximum growth and toxin production were 
similar those obtained with normal cultures. therefore appeared that 
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number vitro properties Cl. were not appreciably affected 
the inhibition cell division. 

similar conclusion was reached from investigation vivo properties, 
Elongated bacilli were able produce typical gas gangrene infection experi- 
mentally guinea-pigs, and using the intramuscular method infection the 
average lethal dose terms cell mass was the same order with normal 
bacilli. the intraperitoneal route was employed the lethal dose elongated 
bacilli was times that normal forms. This was not significantly large 
difference, and indicated that even when elongated penicillin-treated cells were 
exposed the effective defence mechanisms the peritoneum they were not 
eliminated with much greater efficiency than were the normal forms. 

Morphologically changed forms Cl. were also formed the muscle 
and peritoneum infected guinea-pigs treated with penicillin, and were found 
have many characteristics common with those obtained vitro. Extreme 
elongation, loss Gram-positive character and lysis the cells were observed, 
but these alterations were not maintained, and when the vivo concentration 
penicillin became reduced, reversion normal bacilli took place. During the 
period when morphological alteration was most marked there was evidence 
phagocytic action, and the condition the guinea-pigs indicated that toxin 
was active. The lack phagocytic action was doubt due the fact that the 
bacilli were still producing toxin, for Stewart (1943) showed that Cl. 
injected intraperitoneally into guinea-pigs was susceptible the action phago- 
cytic cells only when antitoxin was present the circulation and the bacilli were 
rendered non-toxic. 


The results both the vitro and vivo experiments indicate that 


inhibition cell division Cl. penicillin not necessarily accom- 
panied decrease the virulence the organism increase its 
susceptibility the defence mechanisms the animal. therefore reasonable 
conclude that for penicillin protect effectively against Cl. welchii infection, 
the concentration the site infection must maintained effect 
direct killing action the bacillus and not merely inhibit cell division. 


SUMMARY. 


Cl. grown bactericidal concentrations penicillin produced 
elongated forms which later lost their Gram-positive character. These changes 
could occur without appreciably affecting the production toxin, haemolysin, 
and hyaluronidase, the growth rate the organism. The continued action 
penicillin led death the bacillus and later lysis. 

Elongated bacilli were able revert the normal form penicillin-free 
medium. Reversion was not greatly delayed; the lag phase growth was 
slightly longer than the normal lag, but the generation time, maximum growth 
and toxin production were similar those obtained with cultures normal 
forms. 

Elongated bacilli produced experimental infection guinea-pigs. Injected 
the intramuscular route they were virulent normal bacilli, and the 
intraperitoneal route only slightly less virulent. 

Similar morphological changes those obtained vitro were 
obtained vivo treating infected guinea-pigs with penicillin. These changes 
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did not affect the property the organism cause the disease, nor its 
susceptibility phagocytosis, nor its ability revert the normal form. 

concluded that for penicillin protect against Cl. infection, its 
action must maintained effect direct killing action the bacillus 
and not merely inhibit cell division. 
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SINGLE CELL CULTURE CL. WELCHII TYPE 
MORPHOLOGICALLY CHANGED PENICILLIN. 
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THE morphological changes which take place when Cl. grown 
the presence penicillin have been described the preceding article (Crofts 
and Evans, 1950). The sequence changes was found similar with different 
concentrations penicillin, but the speed with which they occurred increased 
with increasing concentrations. the early period growth inhibition 
cell division led elongation the bacillus this was followed loss Gram- 
positive character, then death, and later lysis. The question arose 
the relationship between the extent the morphological change and death 
the cell. the previous study the viability cultures was examined, using 
large inocula, which did not indicate precisely the type cell capable reverting 
the normal form. was therefore decided investigate this question 
the isolation and culture single cells. 


METHODS. 


Morphologically changed welchii (S.R. was grown Macfarlane 
and Knight’s medium containing 0-05-0-10 units/ml. penicillin. Although 
this concentration proved bactericidal, did not appreciably reduce the rate 
growth, but produced considerable inhibition division. various times 
during their growth phase the organisms were removed from contact with peni- 
cillin, either centrifugation dilution broth, and suspensions made 
suitable turbidity for the isolation single cells. 

single method used for single cell isolation and culture 
has been described Johnstone (1943) and Goldie, Gordon and Johnstone 
(1948), and this occasion was slightly modified deal with elongated forms 
Cl. minute loopful faintly turbid broth suspension the 
elongated bacilli was inoculated the surface and towards the end small 
block clear nutrient agar. After absorption the fluid the agar gel the 
organisms were examined dark-ground illumination, using dry mm. 
objective and ocular, and were seen brilliantly lit, well-defined forms. 
few elongated bacilli appeared segmented, but these were avoided. The 
isolation was made with glass with hooked ends prepared 
micro-forge which was designed and made one (K. J.). hook 
the needle was slipped under one end selected elongated bacillus situated 
the edge the inoculated area and was manipulated the mid-point the 
bacillus. The bacillus was then drawn across the agar surface, when became 
folded with the apex the fold the micro-hook. Several organisms were 
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moved isolated positions each agar block, and their sites located pitting 
the agar surface near the organisms with electrically-heated platinum needle. 
Each isolated organism was examined initially, several points during its move- 
ment across the agar, and its destination, ensure that second organism 
was involved. The elongated bacillus was straightened that its length could 
measured with calibrated eyepiece micrometer. The single isolated organisms 
were separated cutting the agar block with small sterile platinum knife, 
using the locating pits guides. Each piece agar carrying its organism was 
transferred rabbit liver broth 37° and incubated anaerobically. 

Single cell isolation normal forms Cl. was also made order 
ascertain whether they would survive similar exposure and manipulation 
the agar surface. this case the selected bacillus was either drawn along the 
agar surface using fine micro-needle (Goldie, Gordon and Johnstone, 1948), 
was picked with blunt micro-needle which the latter 
method the organism was carried remote position the agar surface, where 
was released repeatedly touching the agar with the needle tip. The positions 
the isolated cells were located before, pitting the agar. The blocks were 
dissected and the pieces agar transferred rabbit liver broth, which was 
incubated. The time exposure both elongated and normal bacilli the 
surface the agar varied from min., depending the number 
isolations made one block. 

With those single organisms which were viable, growth rabbit-liver broth 
was evident after hours incubation. The morphology the organisms each 
culture was examined and the toxin production some the cultures was 
tested. 


RESULTS. 


Table gives the results with cultures taken during the logarithmic phase 
growth and also the peak this phase. The majority the cells these 
cultures stained Gram-positive. was found that single elongated bacilli, 
some times the length normal forms, were viable and capable 
producing cultures normal Cl. growth properties, morphology 
and toxin production these cultures resembled the original culture. 

Table shows the results using culture taken the peak the logarithmic 
phase and stored overnight penicillin-free broth. This culture grew more 
rapidly than those examined Table and the majority the bacilli were found 
have lost their Gram-positive character. was not possible course 
determine the Gram-staining properties the single cells which were subsequently 
isolated. Elongated forms about 100 times the length normal bacilli 
were isolated and found viable, giving cultures which resembled the original. 


CONCLUSIONS. 


These experiments indicate that penicillin-induced elongated forms 
isolated either during the end their phase elongation, are 
able produce cultures normal bacilli when transferred 
medium. would therefore appear that, although inhibition cell division 
phase through which the cell must pass before ultimately dies, this phase 
does not inevitably lead death the cell, and will only the action 
penicillin maintained. 
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Single Cells Cl. welchii during Growth the Presence 


Cell No. 


Cell No. 


Penicillin. 
Source. 
Cone. 
Age 
(units/ml.). 
None hr. 
hr. 
hr. 
0-10 hr. 
0-10 hr. 


Length 


Growth (+) 
growth 


isolated cell isolated 


Normal 


Cell broken during manipulation. 


Single Cells Cl. welchii after Growth the 


penicillin 
culture medium 


Presence Penicillin. 


Source 


Age culture. 


None 


0-10 


hr. 


Grown for 
hr. and stored 
penicillin-free 
broth 


Length 
isolated cell 


Normal 


Growth (+) 
growth 
(—) isolated 


cell, 
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not yet known how the process reversion normal forms occurs. 
possible that the elongated bacillus, when transferred 
culture medium, may acquire the ability divide, form transverse septa along 
its whole length and break into individual normal bacilli. There the second 
possibility, however, that normal cells may first appear, not units the elon- 
gated bacillus, but new cells budding off from the elongated form. hoped 
investigate this question examining cells during their process reversion. 


SUMMARY. 


method described for the isolation and culture single elongated forms 
Cl. welchit produced the inhibitory action penicillin cell division 
during growth. 

Single cells isolated during and the end the phase elongation were 
capable reverting normal bacilli when cultured into penicillin-free medium. 
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INHIBITION HAEMAGGLUTINATION LIPIDS, WITH 
SPECIAL REFERENCE HAPTEN 


LEVINE. 


From the Bernhard Baron Memorial Research Laboratories, Queen Charlotte’s 
Maternity Hospital, London, 


Received for publication June 22, 1950. 


NUMBER investigators have sought prepare haptens, with view 
using them neutralize maternal antibodies cases erythroblastosis 
foetalis. With this mind Calvin, Evans, Behrendt and Calvin (1946) isolated 
lipoprotein, from erythrocytes. Elinin inhibited the agglutination 
positive cells the presence anti-D serum vitro tests. this 
respect ether extracts the lipoprotein were more potent. 

The following year Carter (1947a, 1949) prepared lipid extract positive 
erythrocytes which would fix complement the presence anti-D serum. 
Inhibition agglutination was also used method assay. She concluded 
that her lipid extracts contained hapten impure form, and that was 
essentially the same that Calvin al. (1946). More recently Price, Read, 
Bardos and Chen (1948) have attempted purification Carter’s crude lipid 
extract. described the presence two inhibitors, and one these (the 
less active) was prepared crystalline form. 

Carter 1949) administered the lipid material number pregnant 
women with antibodies, and reported fall maternal antibody titre. The 
treatment affected infant was reported Loughrey and Carter (1948). 
America the vivo effect Carter’s lipids has been questioned (Greenwalt, 
1949; Unger, 1949), and several reports unsuccessful attempts prepare 
extracts which are active vitro have also been made (Unger, 1949; Stratton 
and Renton, Coombs, 1950). 

While our attempts confirm Carter’s experimental work have been com- 
pletely unsuccessful, have found that with more rigorous lipid extraction 
can consistently prepare inhibitory material. However, not believe this 
hapten, but our findings would seem throw light the contradictory 
and ambiguous reports which have appeared. Briefly our inhibitory extracts 
have been prepared from positive and negative erythrocytes, positive 
and negative placentae, and negative human brain. Attempts purify 
the material removal phospholipids (cf. Price, 1948) resulted the separation 
considerable bulk apparently inactive material. have shown, however, 
that this inactivity due the simultaneous removal inhibitory material 
and substance which suppresses its activity. Chromatographic fractionation 
crude extracts reveals that three inhibitors are present. Investigation the 
mode action these inhibitory substances shows that their effect one 
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preventing agglutination cells after the antibody has been taken the 
cells. vivo studies have been completely negative. 


METHODS. 
antibodies. 

The two types anti-Rh sera used these experiments were human immune 
sera, except where specifically described otherwise. The terms employed are 
follows 

Name used. Synonyms. 

Agglutinating anti-D Saline anti-Rh. 
Bivalent anti-Rh. 
Simple agglutinin. 
Incomplete anti-Rh. 
Hyperimmune 
Blocking 
Univalent 
Albumin 


Sensitizing anti-D 


Method assay for inhibitory substances. 


view the non-specific interference various fats complement-fixation 
tests have been guided the results agglutination tests. These have been 
carried out the presence substances which was wished assay for inhibi- 
tory powers. Blank tubes containing lipid were used controls. 

the substances for assay 0-5 mg. quantities were dried the bottom 
tiny test-tubes The dried material was emulsified with 0-1 mg. 
dilution anti-D agglutinating serum (agglutination titre saline 
1/32) using fine glass rod. The sera used were still very arid the dilution 
The emulsions were kept for hour 37° with repeated shaking, 
and then transferred 0-025 quantities the platforms grooved slides, 
where they were mixed with equai volumes per cent human red cells (Group 
CDecDE) saline. The slides were placed perspex moist chambers 
room temperature. 

Results were read tilting the slides times and recording the degree 
agglutination, minutes and one hour. each case the determination 
the minimum amount material preventing agglutination under these con- 
ditions served quantitative test. 

For the assay suppressing activity quantities known standard 
inhibitor and unknown substance were dried together the bottom the tiny 
glass tubes and emulsified with the agglutinating anti-D serum dilution), 
and treated the same way the simple inhibitor tests. every case where 
substances were tested for suppressing activity test with two controls was set 
follows, and equal quantities per cent red cells added each 


Anti-D Inhibitor (standard) Substance suppressor). 


The reason for adding the second contro] was make sure that the substance 
being tested for suppressing activity was not, fact, inhibitor. 
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Extraction lipids. 

have found that the most effective means obtaining the inhibitory lipid 
materials extraction with organic solvents. Repeated extractions with 
acetone yield considerable active material. typical experiment litres 
positive cells which had sedimented under gravity were poured into litres 
acetone room temperature with shaking. The mixture was allowed stand, 
with shaking, for days, when was filtered with suction. The 
solid residue was re-extracted the same way with litres acetone. The 
acetone filtrates were then processed separately. Acetone was removed 
warming (maximum temperature about 70°C.) until the volume was about 
200 ml. equivalent amount ether was then added, mixed, stood ice, 
spun, and the ether decanted. This was evaporated about ml., and ml. 
acetone added. The resultant phospholipid precipitate was inactive 
inhibitor, and the early experiments was discarded. The supernatant was 
reduced brown oily viscous grease, which was obtained from the 
first acetone extraction. The second extraction the original residue produced 
3-7 more liquid character. These crude materials were active 

Because the ease with which acetone extracts can made, the same method 
with minor modifications has been used for placentae. One kg. placenta was 
stripped its membranes and homogenized Waring blender with litres 
acetone. The mixture was allowed sediment overnight, the super- 
natant decanted and the residue sucked dry Biichner funnel. The 
crumbly residue was re-homogenized with litres acetone, filtered with suction, 
and the residue discarded. The two acetone extracts were processed separately. 
The volume was reduced pressure about 300 mm. mercury until foaming 
occurred. maximum temperature was allowed. Each extract now 
had volume about 800 ml. They were extracted separately three times 
with 100 ml. portions ether separating funnel, and the ether fractions, 


totalling 650 ml., were combined. They were reduced vacuo thick brown 


greasy material which was dried 37°C. The weight was approximately 
Alcohol ether extracts have also been prepared according the technique 
Bloor (1929), and somewhat larger yields have been obtained this way. 


Chromatographic separation. 

For the preparation individual lipid fractions use has been made alumina 
columns. amount powdered alumina (B.D.H.), weighing 100 times 
the amount lipid studied, was slowly poured into glass tube containing 
petroleum ether (B.P. 60° C.), the tube being rotated and shaken meanwhile. 
The petroleum ether was drained until the meniscus was few millimetres above 
the alumina column. The material fractionated was then dissolved 
approximately ten twenty times its volume petroleum ether and run 
the column. The eluate was collected tared vessels, which were evaporated 
the top boiling water bath stream nitrogen. Our custom has been 
continue elution with petroleum ether until very little material (ca. mg.) 
was obtained ml. fractions. Ethyl ether was then used for elution, following 
which absolute methanol was employed. Fractions were weighed, and assayed 
for biological activity. The process fractionation was conducted dark 
room with ultra-violet light, the some fractions was striking, 
and served provide guide the stage elution. 
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RESULTS. 
Isolation inhibitor 


Our first efforts isolate the active inhibitory fraction were made the 
crude acetone extracts from positive erythrocytes. this time were 
precipitating phospholipids adding concentrated ether solution twice 
the volume acetone. The supernatant was reduced dryness. 

typical experiment 411 mg. this residue was chromatogrammed 
alumina. The following fractions were obtained 


Number Total volume Weight Inhibitory 
fractions. eluate (ml.). (mg.). activity. 


The first part the methanol eluate, roughly mg., fluoresced light blue 
and was inhibitory. all our chromatograms have found the inhibitory 
activity appearing this fluorescence tailed off. Quantitative assays indicated 
that the concentration inhibitory material was relatively high throughout the 
methanol and methanol-HCl fractions. The bulk the inhibitory material 
(54 mg.) was discharged the methanol between and ml. 

difficulty assessing the total amount inhibitory material obtained 
arises from the fact that the methanol does not completely free the column 
inhibitory material. However, since the bulk appears very few fractions 
the beginning, roughly comparable figures can obtained for various tissues 
studied (Table I). 


TaBLE I.— Yield Inhibitor from Tissue Extracts. 


Amount Amount Yield 


column (mg.). eluted (mg.). per 
extract 
extract with 
phospholipid 
precipitated 
negative placenta Acetone extract 1004 312 
brain extract 
after crude 
phospholipid 
precipitation 


extract 


From these results was apparent that the inhibitory material was not 
confined only positive tissues. addition was evident from the distri- 
bution inhibitor crude placental extract and extract minus phospholipids 
that considerable loss inhibitor had occurred with this precipitation. 
earlier experiments with erythrocyte lipids found the phospholipid pre- 
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cipitates inactive. Those placenta were slightly active. was this observa- 
tion that suggested the presence substance suppressing the inhibitor. 

The fractions described above have been called Inhibitor because they 
are eluted from alumina methanol. When assayed described the minimum 
amount showing inhibitory effect was about 0-25 mg. 


Isolation inhibitor 


order obtain some indication the type material had obtained, 
crude lipid was submitted more scheme isolation according 
solubility various organic solvents. The main interest this experiment lies, 
however, the identification inhibitor differing from inhibitor The 
procedure began with the precipitation phospholipids with magnesium chloride 
according Bloor (1929). crude lipid obtained acetone extraction 
positive placenta 2-5 was taken into sojution with 100 ml. boiling petro- 
leum ether (40-60°C.) and spun remove little white sediment. The slightly 
opalescent solution was allowed cool and was diluted with 500 ml. acetone. 
The solution became more opalescent, but precipitate formed. Alcoholic 
9-6 per cent (w/v) MgCl,.6H,O was added until the fatty precipitate, which 
lumped together stirring, ceased form. Altogether ml. the solution 
was added. The supernatant was isolated spinning and, after drying vacuo 
and removing magnesium, weighed 1-15 was not inhibitory. The precipi- 
tate, dried vacuo (2-98 g.) was slightly inhibitory. 

The 1-15 dried supernatant were taken ml. petroleum ether 
and chromatogrammed alumina. The first ml. petroleum ether 
eluate were opaque and highly fluorescent and yielded drying 193 mg. dark 
brown grease. This was very inhibitory. Elution with ether and methanol 
was continued, the latter yielding mg. inhibitor The petroleum ether 
soluble portion the phospholipid precipitate, the other hand, contained 
inhibitor eluted with petroleum ether. 

repetition the above experiment revealed that inhibitor may precipi- 
tated with the phospholipids under certain conditions. this instance the 
magnesium chloride was limited ml., having been observed the first 
precipitation that there was suggestion resolution with ml. With the 
smaller addition magnesium chloride (and associated alcohol and water 
well) inhibitor was obtained the phospholipid precipitate. chromato- 
gram this material was eluted with petroleum ether. The acetone soluble, 
petroleum ether soluble material contained inhibitor however. Approxi- 
mately 0-6 was isolated from the original 2-5 crude placental extract. 
later experiments involving the fractionation with alumina crude alcohol ether 
extracts, consistently obtained inhibitor the first petroleum ether 
fractions. 

This new inhibitor, appearing petroleum ether, has been found 
positive and negative placenta, negative brain, and positive and 
negative erythrocytes. 


Isolation inhibitor 


working with alumina columns have noted that was not possible 
with cold solvents elute all the material placed the columns. The residual 
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material amounted per cent the lipid, depending the amount 
alumina, and its water content. portion the residual lipid could 
extracted with hot methanol chloroform. This material was brown oil, very 
soluble Addition ether alcohol solution precipitated white 
flocculent material which was inactive mg. amounts. The ether supernatant 
was reduced brown oil which was inhibitory with little 0-05 mg. Since 
this material was obtained from the residue the column call inhibitor 


Isolation suppressor 


Reference has been made the removal active materials inactive phos- 
pholipid precipitates. have therefore sought for substance which the 
presence inhibitor masked suppressed its activity. first looked for 
this material the crude acetone extracted lipid negative placenta. One 
this material was taken ml. petroleum ether and chromatogrammed 
alumina. Elution with ether was begun immediately. The first two 
ml. fractions were fluorescent and inactive suppressor. The following four 
ml. fractions were very slightly fluorescent. evaporation crystalline 
material was obtained, the first two being yellow, the second two white. The 
total amount was 188 mg. This material was very active, 0-1 mg. completely 
suppressing mg. the most active inhibitor was inactive against 

are suggesting that, for the time being, this material called Suppressor 
Although have not fully clarified the matter believe that there 
another suppressor crude extracts. Suppressor has been obtained 
positive and negative placenta, negative brain, and positive and negative 
erythrocytes. 


Characteristics inhibitors and suppressors. 


Inhibitor appears white grease waxy solid which browns exposure 
toair. has difficult describe, but perhaps most frequently associated 
with post-mortem room (not formalin). does not fluoresce. does not 
reduce Benedict’s solution, before after acid hydrolysis. negative 
peroxide test, gives reaction for tryptophane (Hopkins-Cole reaction), arginine 
(Sakaguchi reaction), amino (ninhydrin). forms insoluble material with 
magnesium chloride and cadmium chloride. forms clear solutions most 
organic solvents. water forms white opalescent solution which tends 
foam. Aqueous solutions cannot cleared spinning 20,000G. contains 
approximately 2-5 per cent and 3-7 per cent The chemistry inhibitor 
being investigated. 

Inhibitor yellow brown waxy substance. Under ultra-violet light 
fluoresces slightly blue. soluble most organic solvents, but less soluble 
water than inhibitor contains approximately 4-5 per cent phosphorus 
and per cent nitrogen. Aqueous solutions are also less opalescent, and 
tend foam. Further data the chemistry inhibitor are being 
obtained. 

Inhibitor brown viscous oil. differs from the first two containing 
negligible phosphorus and less than 0-1 per cent contains cholesterol. 
Suppressor appears yellow white crystalline solid. The suppressor 
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activity appears most strongly the first fractions which follow highly fluores- 
cent oil. This oil is, however, not active. fractions are less coloured, 
have almost fluorescence and have definite suppressing characteristics. The 
yellow colour the early active fractions probably due contamination with 
the inactive yellow oil eluted before the suppressor. All fractions which suppress 
are positive the Lievermann-Burchard reaction for cholesterol, and have 
not obtained cholesterol positive fractions which not suppress amounts 
mg. The most potent suppressors are active 0-05 mg. amounts under 
the conditions our assay. Attempts remove increase the potency these 
fractions repeated crystallizations from methanol have led striking 
changes. This procedure has been continued the tenth crystallization. 
Glistening white needle crystals m.p. are obtained. The activity 
relatively unchanged. The bulk this material undoubtedly cholesterol, 
but have not been able satisfy ourselves that the biological activity does 
not reside small amounts some other associated substances. have found 
that autoxidation cholesterol 85° according the procedure Bergstrom 
and Wintersteiner (1941) does not alter the suppressor activity. 


Mode biological action. 


The inhibitors have been assayed the presence number antigens 
and the corresponding antibodies. They prevent haemagglutination with 
reference the following human antigens, and and the antigens 
CDE They also inhibit agglutination rabbit cells guinea-pig serum, 
and rhesus monkey (Macacca mulatta) cells human antisera. addition 
they inhibit the action heterophile antibody glandular fever against sheep 
cells. The agglutination sensitized positive cells anti-human globulin 
serum rabbits also inhibited. 

The action inhibitor may also demonstrated after agglutination has 
taken place. this case the clumps break within few minutes. con- 
trast the general effect erythrocyte agglutination have observed that 
inhibitor has influence the agglutination typhi. 

the light this consistent action erythrocyte agglutination was 
interest determine its action the agglutination positive cells 
sensitizing anti-Rh human sera assayed bovine albumin solution. Here 
the inhibitors have observable effect, but have found the same thing 
true agglutinating antibodies when assayed albumin solution, and also 
guinea-pig serum against rabbit cells albumin. Serum proteins have similar 
effect albumin this respect, though smaller degree. possible explana- 
tion these findings that non-specific union takes place between these lipids 
and albumin (and possibly globulin), that the inhibitors will not prevent agglu- 
tination albumin serum medium because here they are taken up, thus 
permitting agglutination. 

The possibility has been considered that sensitizing sera not agglutinate 
cells saline systems because the naturally occurring presence the inhibitors. 
can exclude this the case inhibitor because the addition suppressor 
sensitizing serum does not lead agglutination cells saline. The 
possibility the case inhibitors and can also excluded, because 
were should possible dilute with saline system high titre sensitizing 
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serum plus cells albumin, without the agglutination being abolished. This 
does not happen. 

Agglutination red blood cells antibodies may well two-stage reaction. 
not yet known how agglutinating antibodies overcome the specialized erythro- 
cyte character remaining dispersed. However, most important 
this stage inquire whether our inhibitors interfered with the antigen-antibody 
reaction (perhaps some similar way hapten), whether they inhibited 
the second stage agglutination proper, after combination antigen and antibody 
had taken place. 


TaBLE Demonstrate Antigen-antibody Reaction 
Presence Inhibitor. 


Stage Test. Control. Control. Control. 
experiment. 


system anti-D serum; inhibitor anti-D serum inhibitor. 


Removal Sedimentation Sedimentation Sedimentation Sedimentation 
attached anti-body through through through through 

saline-sucrose saline-sucrose saline-sucrose saline-sucrose 
with inhibitor without with inhibitor without 
inhibitor inhibitor 

Removal inhibitor Suspended twice Suspended twice Suspended twice Suspended twice 
saline and saline and saline and saline and 
centrifuged centrifuged centrifuged centrifuged 


Results tests for Present Present Present Present 
attached antibody 


The following experiments (outlined Table II) were made with each the 
inhibitors the presence both agglutinating and sensitizing antibodies. 
each experiment two tubes were prepared, one containing mg. inhibitor 
0-1 ml. 0-9 per cent saline, and the second with saline only. each was 
added equal volume the appropriate antiserum and mixed well. The antigen 
antibody mixture was then completed the addition 0-1 ml. suspension 
positive red blood cells saline. The tubes stood room temperature 
for one hour. was next necessary remove the cells from the unattached 
antibody, but without loss since otherwise conjugation with antibody 
might take place. This was achieved sedimenting the cells through 0-5 ml. 
per cent sucrose, per cent sodium chloride and 0-7 per cent 
inhibitor, Wintrobe haematocrit tube. Controls containing sucrose saline 
alone were also set up. The above antigen antibody mixtures were each divided 
into two parts, which were layered over the saline-sucrose-inhibitor and the 
saline-sucrose respectively. The tubes were then spun 3000 r.p.m. for five 
minutes. The erythrocytes separated from the lighter antibody layer, from 
which they were isolated the sucrose solution intermediate density. 
The final stage the experiment was remove inhibitor (but not attached 
antibody). did this suspending the cells twice ml. saline and 
centrifuging. The presence the attached antibody was indicated spon- 
taneous clumping the case the agglutinating antibody. The presence 
attached sensitizing antibody was sought two ways addition drop 
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anti-human globulin rabbit serum one aliquot, and another blocking 
test with weak anti-D agglutinating serum was performed. 

The results showed difference the behaviour the three inhibitors, 
the two types antiserum. each case the antibody had become attached 
the cells, whether not inhibitor was present. This experiment demonstrates 
that the inhibitors not block the first stage the antigen-antibody reaction. 
Their effect must therefore the process agglutination. course 
inconsistent with our findings that the inhibitors exert their influence either 
the antigen (hapten) that part the antibody which unites with the 
may be, however, that the inhibitor combines with either the antibody the 
cells some other locus. 

interesting that the microscopical appearances red cells were altered 
the addition inhibitor, and this alteration was unaffected the further 
addition suppressors. Under the microscope (1/6 in. objective) red cells added 
tests containing inhibitors showed increase thickness. 

Inhibitor often, though not always, associated with lytic agent. 
Fractions from brain are particularly active this respect. The lytic action 
reduced large extent the addition suppressors. Occasionally lysis 
interferes with the assay material, particularly when the suspension red 
blood cells warmed 37°C. The well-known lytic action lecithin from 
which the unsaturated fatty acid has been removed should kept mind 
this connection. 


Animal experiments. 


Since Mrs. Carter described such striking vivo results lipid injections, 
have administered inhibitors and rabbits, both intravenously and intra- 
peritoneally. Very large single doses (500 mg. per kilo) and multiple daily doses 
(50 mg. per kilo) were given several experiments. observable effect was 
obtained anti-M antibodies the rabbit, although the material injected 
inhibited these antibodies vitro. Neither was any effect produced the 
rabbits’ erythrocytes with regard their agglutinability with guinea-pig anti- 
rabbit serum. 


DISCUSSION. 


The work reported this paper forms part general study antigens, 
and constitutes investigation the claim that haptens are lipid nature. 
have nothing suggest that hapten involved the action the inhibitors 
found lipid extracts. Rather their non-specific character suggests that the 
mode action must involve some phase the final common path through 
which agglutination takes place. tempting suggest that Carter’s vitro 
results can explained the basis these non-specific inhibitors, which her 
extracts almost certainly contained. 

Carter’s material has been studied some extent Price al. (1948). The 
active crystalline material which Price obtained the methanol eluate from 
silica column may related our inhibitor but have direct evidence 
this present moreover have not obtained any hapten the cholesterol 
fraction claims. 

have concluded that the blood lipids are unconnected with hapten, 
but desire record their non-specific effect upon haemagglutination the hope 
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that the approach the isolation hapten may clarified. This investi- 
gation has, however, provided the stimulus for the development interesting 
chromatographic methods lipid separation, which will reported later. 

Further evidence that the haptens are not lipid nature provided 
the unpublished experiments, reported later, one (J. M.), who has 
obtained water soluble extracts from red cells, which inhibit agglutination 
and are specific. These extracts are also antigenic for the guinea-pig, and 
has been possible prepare potent antisera from extracts positive and 
negative blood. 


SUMMARY. 


attempt prepare haptens, crude lipid extracts human erythro- 
cytes, placenta and brain have been shown inhibit the agglutination red 
blood cells wide variety anti-sera. 

The lipids have been fractionated elution from alumina columns. 

(a) Petroleum ether elutes substance which inhibitory dilution 
1500. 

(6) Methanol elutes material which inhibitory dilution 
activity shown some these fractions. 

(c) Hot methanol chloroform elutes third inhibitor which active 

Ether elutes material which suppresses one the inhibitors (but 
not the other two) dilution greater than bulk 
this material probably cholesterol. also suppresses the lysis obtained 
from certain methanol fractions. 

has been shown that the agglutination inhibitors not interfere with the 
antigen-antibody reaction, but prevent agglutination after the cells have been 
coated with antibody. 

vivo these inhibitors have effect immune antibodies rabbits. 
None these lipid inhibitors are regarded being hapten. 


Our studies have been greatly helped the ready assistance given the 
Directors the North and South London Depots supplying blood for this 
work, and would like thank them for their co-operation. 

Part the cost this investigation was defrayed grant from the National 
Birthday Trust. 
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